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ABSTRACT 
 
Wildlife populations are regulated by factors that influence recruitment and mortality and there is 
growing recognition of the potential for diseases to influence these parameters. The impact of 
disease on wildlife is influenced by a combination of host, pathogen and environmental factors. 
Elucidation of these factors and their interaction is termed disease ecology or disease 
epidemiology. Investigation of the disease ecology of wildlife populations is crucial for their 
adequate conservation management as well as the assessment of potential or existing disease 
interactions between wildlife, humans and domestic livestock. This thesis defines and investigates 
disease issues in Australian fur seals (Arctocephalus pusillus doriferus) by both proactive disease 
surveillance and investigation of previously identified health issues. 
 
Blood samples were collected from Australian fur seals and tested for exposure to selected 
pathogens. No antibodies were detected to morbilliviruses, influenza A viruses, six Leptospira 
serovars, Mycobacterium tuberculosis complex species or Toxoplasma gondii. For the years 2007 
to 2009, overall antibody prevalence to an unidentified Brucella sp. was 57% in adult females. In 
this age class, antibody prevalence varied significantly over time (P = 0.011) and the likelihood of 
a positive pregnancy status was greater in individuals positive for Brucella antibodies (P = 
0.034).The findings indicate Brucella infection may be enzootic in the Australian fur seal 
population. Additionally, significant demographic differences in antibody prevalence were found 
in samples collected from a single breeding colony. All pups (n = 134) were classified as negative 
for Brucella antibodies but 17/45 (38%) of juveniles were antibody-positive. The serum antibody 
prevalence of 57% in adult females was significantly higher than in juveniles (P = 0.044).  
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The potential pathogenicity of Brucella in Australian fur seals was investigated by post mortem 
examination of both aborted foeti collected from breeding colonies and older age classes stranding 
on the Victorian coastline. Interstitial pneumonia was observed in 6/32 aborted foetuses and 8/32 
individuals had cardiac inflammatory infiltrates. Pathologic changes were, however, not uniformly 
consistent for Brucella infection. Furthermore, culture and PCR investigations on foetal tissues 
were negative for this pathogen. Culture and PCR on selected fresh and/or frozen tissues from 36 
juvenile and adult animals were also negative for Brucella. It is suspected that the prevalence of 
active infection with Brucella in Australian fur seals is low relative to their antibody prevalence. 
Mycoplasma phocicerebrale was isolated from the thymus of an aborted foetus and, 3/11 (27%) of 
foetuses with inflammatory heart or lung lesions were PCR-positive for mycoplasma. This study 
concluded that Brucella infection is unlikely to be associated with abortion in Australian fur seals, 
but mycoplasmas may, and so warrant further investigation. 
 
A distinctive syndrome of bilaterally symmetrical alopecia in Australian fur seals was investigated. 
The syndrome was found to occur predominantly in juveniles and have a strong sex bias (51 of 55 
case juveniles captured for examination were female). It also was noted in adult females but never 
seen in post-pubescent males. Prevalence of alopecia was high at the large Lady Julia Percy Island 
colony where it had a distinct seasonal pattern of prevalence, peaking in spring and summer with 
up to 50% of juvenile females affected. Alopecic seals were only occasionally seen at other 
colonies. Thermal images of case seals indicated alopecic and non-alopecic areas of the dorsal 
thorax had a mean difference of 6.6°C demonstrating that substantial heat loss could occur from 
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alopecic regions. Affected animals were in significantly (P <0.001) poorer body condition than 
unaffected animals.  
 
Light and scanning electron microscopy demonstrated that the alopecia syndrome is due to fracture 
of the hair shaft above the skin level rather than loss of hair from the follicle. No evidence of 
associated viral, bacterial, fungal or parasitic infection was found and histological examination of 
skin biopsies revealed no pathological variation between case and control seals. Affected animals 
had significantly lower tyrosine (P = 0.009) and zinc (P = 0.008) concentrations in hair than 
unaffected seals. This may increase hair brittleness and therefore, predispose its fracture. Alopecia 
cases also had significantly higher levels of heavy metals and persistent organic pollutants which 
may indicate they forage in ecosystems where concentrations of pollutants are higher such as 
closer to the coast. Reasons for the juvenile and female biases associated with the condition remain 
unclear.  
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Preface 
 
The research reported in this work was conducted under Department of Sustainability and 
Environment (Victoria) Wildlife Research Permits 10003586 and 10004150. Procedures were 
approved by the Deakin University Animal Welfare Committee (Project # A12/2007).  
 
The thesis is written as a series of five papers (Chapters 2 – 6), all of which have been submitted 
for publication in scientific journals. Chapter 1 introduces the work and Chapter 7 is a general 
discussion of the study’s findings. In all of the chapters presented here, I am the principal 
investigator and primary contributor to all aspects of the work. Exceptions to this were conduct of 
the serological tests (Chapters 2 and 3), amino acid analysis of hair (chapter 6) and organic 
pollutant analysis (Chapter 6). I have acknowledged the laboratories that performed these assays in 
the text of each chapter. 
 
Blood samples collected by Dr John Gibbens between 2003 and 2005 were made available to me 
for Brucella serology. I was also able to make use of John’s data to use Brucella serological status 
as an additional predictor variable for his modelling of pregnancy and pupping success. Andrew 
Hoskins also supplied me with some blood samples collected from seals on Kanowna Island as 
part of his PhD research project. 
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DISEASE IN WILDLIFE 
Wildlife populations are regulated by factors that influence recruitment and mortality and there 
is growing recognition of the potential for diseases to influence these parameters. Disease can 
broadly be defined as the impairment of normal function resulting from either non-infectious or 
infectious agents. As well as directly causing the death of the individual, disease morbidity can 
decrease individual foraging ability, increase susceptibility to predation and reduce life-time 
reproductive output by causing gestational failure or inhibiting growth and development.  
 
Non-infectious disease can be produced by toxic agents including persistent organic pollutants, 
heavy metals and biological toxins. They may produce a broad range of effects on the exposed 
host, including disruption of vital physiological functions causing sudden death, impairment of 
immune responses resulting in increased susceptibility to infectious pathogens and interference 
with fertility (Sonne, 2010). The inheritance of deleterious genes is well known, particularly in 
humans and domestic animals, as a cause of disease. In addition there is building evidence that 
reduced genetic heterozygosity in wildlife populations is associated with increased 
susceptibility to infectious pathogens (Acevedo-Whitehouse et al., 2003). Nutritional excesses 
or deficiencies of specific nutrients are also well known as causative factors for human and 
animal disease, and generally result from dietary anomalies. In wild species, nutritional disease 
is more commonly caused by inadequate protein and/or caloric intake and can results in 
impairment of reproductive output and/or death of the animal (Trites and Donnelly, 2003). 
 
Infectious diseases are impairments caused by microbiological or parasitic agents. 
Microbiological agents include viruses, bacteria, fungi and protozoa, while parasitic agents are 
multicellular and live in (endoparasites) or on the host (ectoparasites). Disease caused by the 
replication of microbiological agents within a host species is often quickly apparent following 
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transmission (acute onset) as these pathogens usually have rapid reproductive rates. For 
instance, foot-and-mouth disease virus in domestic and wild ungulates or highly pathogenic 
influenza virus in avian species are characterised by short incubation periods and obvious 
morbidity and/or mortality in large numbers of hosts (Bastos et al., 2000; Alam et al., 2010). 
Disease caused by other pathogens may, however, be more insidious if the effects of the agent 
are subtle and/or there is a prolonged period between infection and the appearance of obvious 
clinical signs. For example, chronic wasting disease in deer, a transmissible spongiform 
encephalopathy thought to be caused by an abnormal prion protein may only become clinically 
apparent years after infection (Tamgueney et al., 2009). 
 
The impact of infectious disease on wildlife is influenced by a combination of host, pathogen 
and environmental factors. Factors include immune competence of the host, age, sex, pathogen 
virulence, temperature and rainfall. Variation in one of more of these factors can lead to 
emerging disease issues meaning pathogens and their associated diseases previously unknown 
in a population may become evident or that there may be a change in the prevalence of a 
known pathogen. Therefore, knowledge of disease ecology (epidemiology) is crucial for 
adequate conservation management of wildlife populations.  
 
The population regulatory effect of infectious disease is most obvious during epizootics, where 
a high proportion of animals are affected with clinical disease. Epizootics often follow the 
introduction of a novel infectious disease into a population of animals that have no previous 
exposure and therefore no specific protective immunity. The development and duration of 
epizootics is dependent on numerous factors including the transmissibility of the pathogen, its 
incubation period within the host and the proportion of susceptible animals. In large wildlife 
populations with extensive ranges, epizootics may influence demographics through altered 
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mortality and recruitment rates but usually do not endanger species survival (Harwood and 
Hall, 1990; Heide-Jorgensen et al., 1992). However, in wildlife populations with restricted 
ranges or those of small size, disease epizootics can act as key stochastic events driving local 
extinctions (Smith et al., 2009).   
 
The disease epidemiology of a wildlife population also may be affected by interactions with 
other wildlife species, humans and domestic animals. The interface between human and 
wildlife populations is dynamic and influenced by local factors such as habitat alteration and 
livestock industries as well as over-arching influences such as climate change. Human 
influenced changes have resulted in numerous instances of changes to disease incidence in 
wildlife populations (Conrad et al., 2005; Norman et al., 2008). In addition to wildlife acting as 
the recipients of infections from humans and domestic animal species, wildlife populations 
may act as reservoirs of pathogens for these groups. It is estimated that 60% of emerging 
infectious diseases (EIDs) in humans originate from animals and 75% of these are from 
wildlife sources (Jones et al., 2008). EIDs of humans are significantly correlated with socio-
economic status, ecological factors and anthropogenic mechanisms that increase human-
wildlife contact rates (Jones et al., 2008). The management of such diseases requires a sound 
understanding of the epidemiology of infection in their host wildlife reservoir. 
 
DISEASE INVESTIGATIONS IN PINNIPEDS 
Disease investigations and pathological and serological surveys for infectious pathogens in 
pinnipeds have been almost exclusively conducted in Northern Hemisphere species (Gerber et 
al., 1993; Burek et al., 2005; Littnan et al., 2006). This is in part due to the larger scientific 
research community compared to that in the Southern Hemisphere, but also reflects there 
having been numerous mortality events of pinnipeds in the north (Geraci et al., 1982; Dierauf 
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et al., 1985; Grachev et al., 1989). Influenza A viruses have caused repeated epizootics in 
harbour seals (Phoca vitulina) along the New England coast of North America ( Geraci et al., 
1982; Hinshaw et al., 1984; Callan et al., 1995). An outbreak of the bacterial disease 
leptospirosis occurred in at least 200 California sea lions (Zalophus californianus) along the 
western United States coast in 1984 (Dierauf et al., 1985). Then, in 1988, in north European 
waters, nearly 20,000 harbour seals died following infection with a morbillivirus, phocine 
distemper virus (PDV) (Cosby et al., 1988; Osterhaus et al., 1988). This epizootic resulted in 
significant changes to the size and demographic structure of the harbour seal population in this 
region (Heide-Jorgensen et al., 1992) and was a dramatic demonstration of the potential of 
disease agents to impact wildlife populations.  
 
In contrast, only two Southern Hemisphere pinniped species have appeared to suffer large scale 
mortality events thought to be due to disease. In 1955, many hundreds of Antarctic crabeater 
seals (Lobodon carcinophagus) that had formed an unusually dense summer congregation, died 
with clinical and post mortem symptoms suggestive of morbillivirus infection (Laws and 
Taylor, 1957). Then, in the summers of 2001/02 and 2002/03 a mass mortality of New Zealand 
sea lion (Phocarctos hookeri) pups occurred at the Auckland Islands breeding colonies 
(Wilkinson et al., 2006). The pathological lesions in pups were consistent with bacterial 
infection and a suspected pathogen, Klebsiella pneumoniae, was isolated from many carcasses. 
While some serological surveys for infectious diseases have been conducted in some Southern 
Hemisphere pinniped species (Bengtson and Boveng, 1991; Retamal et al., 2000; Mackereth et 
al., 2005; Blanc et al., 2009), it is largely unknown whether pathogens important in pinnipeds 
are causing morbidity and mortality. 
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Pertinent to non-infectious diseases in pinnipeds, a huge number of anthropogenic substances 
capable of polluting ocean waters are produced globally. Of particular importance due to their 
demonstrated toxicity, chemical stability and resistance to metabolic degradation are the 
organochlorine (OC) compounds. These include DDT and its metabolites and the 
polychlorinated biphenyls (PCBs). Metal pollutants are those non-essential for the normal 
functioning of the body or those essential but ingested in excessive amounts. Metals are 
introduced into the environment and thereby ingested by animals by both natural (e.g. 
weathering of volcanic soils) and anthropogenic means such as run-off from industrial 
enterprises. Levels of organic pollutants and heavy metals have been investigated in many 
pinniped species worldwide (Hall et al., 1992; Beckmen et al., 2002; Debier et al., 2005; 
Elorriaga-Verplancken and Aurioles-Gamboa, 2008). The relationships between potential 
toxins and physiological effects has, however, been investigated in fewer species, the majority 
of which are northern hemisphere seals (Hall et al., 2003; Tabuchi et al., 2006; Goldstein et al., 
2009). In these species, toxins have been demonstrated to cause endocrine disturbance, 
impaired immunity and as possible contributory agents to gestational failure. 
 
AUSTRALIAN FUR SEALS: ZOOGEOGRAPHY AND CURRENT STATUS 
The Australian fur seal (Arctocephalus pusillus doriferus), a conspecific of the Cape fur seal 
(A. p. pusillus), is the largest bodied fur seal. It breeds mainly on small islands in Bass Strait 
(Figure 1.1), a shallow marine basin between the south-eastern Australian mainland and 
Tasmania (Warneke, 1982; Kirkwood et al., 2010). Compared with other fur seal species, the 
Australian fur seal has a restricted range, a relatively small population and has recovered 
slowly following the cessation of commercial sealing; the population size in 2007 was 
estimated to be approximately 120,000 seals (Warneke and Shaughnessy, 1985; Kirkwood et 
al., 2010). No systemic studies have been conducted to define the disease status of Australian  
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Figure 1.1: Location of breeding colonies of Australian fur seals in Bass Strait (open circles). 
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fur seals and to investigate the potential role of disease in the slow recovery of this species: a 
key, high trophic level predator in south-eastern Australian marine ecosystems.  
 
A number of ecological factors associated with Australian fur seals suggest that proactive 
investigations into their disease status are warranted. They form dense aggregations at their 
breeding sites which would facilitate the transfer of pathogens between individuals, providing 
one of the optimal factors needed for the development of disease epizootics (Norman, 2008). In 
addition, genetic and foraging studies suggest high levels of inter-colony movements of 
animals (Arnould and Kirkwood, 2008; Lancaster et al., 2010) which would facilitate the 
spread of infectious disease throughout the entire Australian fur seal population, once 
introduced at a single location. The range of Australian fur seals also overlaps with those of 
two other pinnipeds, the New Zealand fur seal (A. forsteri) and the Australian sea lion 
(Neophoca cinerea), providing opportunities for disease transfer between these species. 
Additionally, the restricted range and small population size of the Australian fur seal makes it a 
species susceptible to the impact of stochastic events,  
including epizootics. Consequently, investigations of the role of infectious disease in the 
ecology of this species has been identified as a key conservation objective (Shaughnessy, 
1999).  
 
No mass mortality or disease morbidity events have been recorded in Australian fur seals 
{Shaughnessy, 1999 #514}. However, two possible health issues have been identified that may 
be related to infectious or non-infectious agents. The first is a high rate of spontaneous 
abortions (up to 37%) that occurs in the second half of their gestation (Gibbens et al., 2010). 
The small size and slow rate of growth of the Australian fur seal population compared to other 
fur seal species is mainly due to low fecundity resulting from this high incidence of abortions 
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(Gibbens and Arnould, 2009a). Rates of gestational failure have been estimated in only a few 
pinniped species. Annually, up to 20% of Californian sea lion pups on San Migual Island, 
California, are either aborted or born prematurely and die soon after (Gilmartin et al., 1976). 
Multiple aetiologies have been suggested for this scenario, including interrelationships between 
disease agents and environmental contaminants (Gilmartin et al., 1976), ingestion of toxic 
algae and bacterial infections (Smith et al., 1974; Goldstein et al., 2009). In the Cape fur seal a 
gestational failure rate of 21% was measured between 1988 and 1991 but the relative 
contributions by failure of embryonic implantation and late-term spontaneous abortions to this 
figure were not established (Guinet et al., 1998). In both Cape and Australian fur seals, 
nutritional factors probably influence annual variations in abortion rates, with fewer pups 
produced in years when females have a lower mean body condition index (Guinet et al., 1998; 
Gibbens and Arnould, 2009b;). The potential involvement of disease agents in abortions of 
Australian fur seals is also a potential factor in the high rate of gestational failure, and warrants 
investigation. 
 
The second potential health issue that has been noted in Australian fur seals is a distinctive 
syndrome of bilaterally symmetrical alopecia that appears to be increasing in its prevalence. 
The condition varies in its severity and most commonly is noted as a loss of guard hair and 
thinning of underfur over the dorsal, thoracic region. In severe cases, the area of guard hair loss 
extends over most of the animal’s back and underfur is completely lost in focal areas on the 
thorax. Exposed skin in these areas often ulcerates. The condition was first recognised in 1989 
at Reid Rocks (David Pemberton, Primary Industries, Parks, Water & Environment, Tasmania, 
pers. comm. 2010), a breeding colony in south-western Bass Strait. Subsequently, alopecic 
seals were occasionally recognised at other sites. Then, in 2004, a particularly high prevalence 
was apparent at Lady Julia Percy Island in north-western Bass Strait (R. Kirkwood, pers. 
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comm. 2007). Lady Julia Percy Island is one of the two largest Australian fur seal breeding 
colonies, having a population of approximately 30,000 seals (Kirkwood et al. 2010). The 
severity of alopecia in some seals signals that this condition could compromise the health and 
survival of affected individuals. Furthermore, the observation of many affected seals at Lady 
Julia Percy Island means that if alopecia has a detrimental impact upon the individual, it may 
also regulate seal numbers at the population level. 
 
GENERAL OBJECTIVES AND THESIS STRUCTURE 
This thesis aims to conduct both proactive and reactive health investigations in Australian fur 
seals. In the first instance, it aims to establish, by antibody survey, if Australian fur seals have 
been exposed to pathogens recognized elsewhere as significant causes of mortality or 
morbidity in pinnipeds, or as important due to their livestock or public health implications. The 
results of this testing will provide two outcomes. Firstly, results will enable a qualitative 
disease risk assessment to be performed for Australian fur seals, listing infectious diseases 
already present in the population and assessing the likelihood, and possible sources, of 
additional disease threats. Secondly, the results of the antibody survey will guide investigations 
into the epidemiology of the disease pathogens identified as present. This includes 
investigations into demographic, temporal and spatial variations in antibody prevalence, 
attempted isolation of the causative agents, routes of infection and pathological consequences.  
 
Reactive health investigations will seek to investigate gestational failure and alopecia in 
Australian fur seals. Regarding, gestational failure, the investigation aims in the first instance, 
to establish if aborted foetuses have histopathological indicators of the presence of 
microbiological pathogens. The results of these examinations will be used to target specific 
microbiological investigations by culture and molecular techniques. The initial aims of the 
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investigation into alopecia in Australian fur seals is to describe the clinical appearance of the 
syndrome, determine its prevalence among the different age/sex classes in the population, 
assess its spatial and temporal variations in prevalence and investigate its significance in 
relation to thermoregulatory compromise of affected animals. These investigations will enable 
an assessment of the importance of the syndrome. A second aim of the alopecia investigation is 
to describe the histological appearance of alopecic skin, elucidate the pathogenesis of the 
condition and establish possible causal factors. 
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SEROLOGICAL SURVEY FOR POTENTIAL PATHOGENS AND 
ASSESSMENT OF DISEASE RISK IN AUSTRALIAN FUR SEALS 
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ABSTRACT 
While infectious diseases and parasites are by in large ubiquitous and can have an impact on 
the body condition and survival of individual animals over a long period of time; their role in 
the regulation of host populations has long been debated among ecologists. It is generally 
accepted that the introduction of new and emerging infectious diseases into a population of 
animals that have no previous exposure and therefore no protection to it can result in 
epizootics. Predicting the susceptibility of populations to infectious diseases is crucial for their 
conservation and management. Australian fur seals (Arctocephalus pusillus doriferus) have a 
relatively small population size, a restricted range and form dense aggregations. These factors 
make this species vulnerable to epizootics caused by infectious diseases that spread by direct 
animal to animal contact. Blood samples were collected from 125 adult female Australian fur 
seals between 2007 and 2009 and tested for exposure to selected pathogens. The testing 
protocol was based on pathogens important to marine mammal health and/or those significant 
to public and livestock health. No antibodies were detected to morbilliviruses, influenza A 
viruses, six Leptospira serovars, Mycobacterium tuberculosis complex species or Toxoplasma 
gondii. Overall antibody prevalence to an unidentified Brucella sp. was 57% but varied 
significantly (P < 0.02) between 2007 (74%) and 2008 (53%). The findings indicate Brucella 
infection is endemic in the Australian fur seal population and further investigations are required 
to establish if infection results in morbidity and mortality. Australian fur seals remain 
vulnerable to the threat of introduced disease and should be managed and monitored 
accordingly.  
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INTRODUCTION 
Infectious diseases regulate wild populations by reducing reproductive success and increasing 
mortality rates (Delahay et al., 2009). In marine mammals, pathogens have caused epizootics 
resulting in significant changes to population size and structure (Harwood and Hall, 1990; 
Heide-Jorgensen et al., 1992; Wilkinson et al., 2006). As well as directly causing the death of 
the individual, disease morbidity can decrease individual foraging ability, increase 
susceptibility to predation and reduce life-time reproductive output by causing gestational 
failure or inhibiting growth and development (Colagross-Schouten et al., 2002). Disease 
epidemiology in marine mammals can also involve interaction with humans and domesticated 
animals. In some instances marine mammal pathogens may pose a risk to public health and to 
the health of domesticated livestock, and the converse can also apply with disease transmission 
to marine mammals from domestic animals (Godinez et al., 1999; Dubey et al., 2003; Fenwick 
et al., 2004; Stoddard et al., 2008). 
 
Australian fur seals (Arctocephalus pusillus doriferus) are an Australian endemic that breed 
mainly on small islands in Bass Strait, a shallow marine basin between the south-eastern 
Australian mainland and Tasmania (Warneke, 1982; Kirkwood et al., 2010). Compared with 
other fur seal species, the Australian fur seal has a restricted range, a relatively small 
population and has recovered slowly following the cessation of commercial sealing in the early 
1900s with the population size in 2007 estimated to be approximately 120,000 seals (Warneke 
and Shaughnessy, 1985; Kirkwood et al., 2010). Slow population growth in the Australian fur 
seal in part results from low fecundity due to a high incidence of spontaneous abortions in the 
second half of gestation (Gibbens et al., 2010).  
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It is largely unknown whether infectious diseases, particularly bacterial, viral and protozoal 
pathogens significant in pinniped species elsewhere, are present in Australian fur seals and 
affect their population dynamics. Two potential pathogens have been previously identified; 
Mycobacterium pinipedii, a novel member of the M. tuberculosis complex (Cousins et al., 
2003), is very sporadically isolated from diseased Australian fur seals (Woods et al., 1995) and 
antibodies to an unidentified Brucella spp. were found in two of 15 wild-caught, captive and, 
apparently healthy individuals (Dawson, 2005). Tuberculosis is a well documented cause of 
morbidity and mortality among free-living fur seals and sea lions in Australia, New Zealand 
and South America with the potential to infect people and livestock (Woods et al., 1995; 
Bernardelli et al., 1996; Hunter et al., 1998; Bastida et al., 1999; Cousins et al., 2003). Marine 
mammal brucellosis also poses a risk to public and livestock health and in pinnipeds, Brucella 
infections are associated with a range of pathology including bronchopneumonia, placentitis, 
and abortion (Foster et al., 2002; Prenger-Berninghoff et al., 2008).  
 
The dense aggregations of Australian fur seals at their breeding sites is an ideal environment 
for the transfer of pathogens between individuals providing one of the optimal factors needed 
for the development of disease epizootics (Norman, 2008). In addition, genetic and foraging 
studies suggest high levels of inter-colony movements of animals (Lancaster et al., 2010) 
which would facilitate the spread of infectious disease throughout the entire Australian fur seal 
population once introduced at a single location. The range of Australian fur seals also overlaps 
with those of several other pinnipeds, notably the New Zealand fur seal (A. forsteri) and the 
Australian sea lion (Neophoca cinerea) providing opportunities for disease transfer between 
these species. Their restricted range and small population size make the Australian fur seal, a 
species susceptible to the impact of stochastic events, including epizootics. Therefore 
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investigations of the role of disease in the ecology of this species has been identified as a key 
conservation objective (Shaughnessy, 1999).  
 
The aim of this study was to establish, by antibody survey, if Australian fur seals have been 
exposed to pathogens recognized elsewhere as significant causes of mortality or morbidity in 
pinnipeds, or as important due to their livestock or public health implications. Results from this 
testing could subsequently be used to perform a qualitative risk assessment describing, the 
infectious disease threats to the host so they can be incorporated into its larger management 
plan. Additionally, knowledge regarding threats to public health and domesticated animals can 
also be used by relevant government agencies in order that risks of exposure to infectious 
diseases are effectively managed.     
 
MATERIALS AND METHODS 
Sampling 
The study was conducted between 2007 and 2009 at the Australian fur seal colony on 
Kanowna Island (39o10´S, 146o18´E), northern Bass Strait. Capture efforts were concentrated 
at a single colony to limit potential between-colony confounding factors that might affect 
disease antibody presence and prevalence. Kanowna Island was chosen as the study colony as 
it is the site of a number of concurrent research projects so most animals could be sampled in 
the course of these activities. Adult seals were selected for initial antibody screening because 
for many infectious diseases the probability of antibody-positive status tends to increase with 
age (Smith et al., 1977; Burek et al., 2005). Females were sampled in preference to males as 
they are prevalent at the colonies year-round and weigh 60 - 120 kg compared with the 200 – 
350 kg adult males (Warneke, 1982). Animals were sampled over three years to investigate 
inter-annual variation in antibody prevalence and to obtain sufficient numbers to detect 
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antibody-positive animals even if they were at a low prevalence. Desired sample sizes were 
calculated by WinPepi epidemiological software, Version 10.5 (Abramson, 2004). The 
estimated population size of Australian fur seals on Kanowna Island is 15,000 individuals 
which includes an annual production of >3,000 pups (Kirkwood et al., 2010). The fecundity 
rate at this location is estimated as 53% (Gibbens et al., 2010) so the total adult female 
population is in the order of 6,400 animals. Therefore, assuming test sensitivity close to 100%, 
a sample size of at least 59 females was needed in order to detect, with a 95% probability, at 
least one positive individual if antibody prevalence was ≥ 5%.  
 
Animals were selected at random and captured using a large hoop net (Research Nets Inc, WA, 
USA and Fuhrman Diversified Inc. TX, USA). Blood samples were collected from either the 
inter-digital hind flipper veins or from a vein lying in the webbing of the fore flipper in either 
manually restrained or anaesthetised seals. Anaesthesia was induced when seals were subjected 
to procedures other than just blood sampling, such as attachment of dive-recording devices, and 
was achieved using isoflurane (100% vol. /vol. Forthane, Abbott Australia Pty, Ltd. NSW, 
Australia) supplied via a closed anaesthetic circuit (Stinger, Advanced Anaesthesia Specialists, 
North Ryde, Australia). Samples were transferred into untreated tubes (BD Vacutainers, 
Becton, Dickerson and Co. North Ryde, Australia) and allowed to clot for at least one hour 
prior to centrifugation. Serum aliquots were stored at -20oC or lower until analysis.  
 
Antibody assays 
Serum samples were submitted to Fisheries and Oceans, Winnipeg, Canada for morbillivirus 
antibody assays. Testing for antibodies to influenza A viruses, Leptospira serovars and 
Brucella spp. was conducted at the laboratories of the Veterinary Diagnostic Services, 
Department of Primary Industries, Attwood, Victoria 3049, Australia. Toxoplasma gondii 
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antibody testing was performed at the Department of Primary Industries and Water, Mt 
Pleasant Laboratories, Launceston, Tasmania 7250, Australia. 
 
Exposure to morbilliviruses was investigated by serum neutralization testing utilising canine 
distemper virus (CDV) as the antigen. This was judged reasonable to use as an initial screening 
test because antibodies to specific morbilliviruses will cross react with all species in this viral 
genus with the highest titres being obtained against the homologous species (Liess et al., 1989). 
The Lederle strain of CDV propagated in chicken embryos was purchased from the American 
Type Culture Collections (ATCC, Manassas, Virginia, USA, CDV #VR-128) and passaged at 
least twice in African green monkey kidney cells expressing the canine CD150 morbillivirus 
Signalling Lymphocyte Activation Molecule (SLAM) cell receptor (VeroDogSLAMtag) (Seki 
et al., 2003) . Using VeroDogSLAMtag cells in a plaque neutralisation method for determining 
serum titres against morbilliviruses has been shown to both reduce the test duration and 
increase sensitivity compared to using standard Vero cells without the universal morbillivirus 
SLAM cell receptor (Nielsen et al., 2008). Serum samples were heat inactivated at 56°C for 30 
min and 150 µl of diluted sera (1/8) were added to an equal volume of diluent containing 200 
plaque forming units of virus. Virus neutralisation was allowed to proceed for 60 min at 37oC 
before aliquots containing 100 µl were placed centrally on duplicate cell monolayers grown in 
tissue culture dishes (60 X 15 mm) (Corning Inc., Corning, New York, USA). Virus was 
allowed to adsorb for 60 min at 37oC before the addition of agarose gel maintenance medium. 
Plates were thereafter incubated at 37oC and observed daily for plaque development. When 
visible plaques were observed on the positive control plates, they were fixed with 
formaldehyde, the gels removed, cell sheets stained with crystal violet staining solution and the 
plaques counted. Neutralisation titres were expressed as the reciprocal of the highest dilution of 
serum that gave an 80% reduction in the number of virus plaques in comparison with the 
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quadruplicate plates inoculated with virus and diluent alone. Antibody titres of 16 or greater 
were considered positive (Duignan et al., 1997a). 
 
Serum was tested for antibodies to influenza A viruses by an equine influenza virus, 
competitive ELISA (EIV cELISA) (Selleck, 2008). The test detects antibodies against all sub-
types of influenza A viruses by competitive binding between test sera and a monoclonal 
antibody specific for a highly conserved epitope on the influenza A nucleotide. Binding of 
monoclonal antibody to purified virus coating microtitre plates was detected with a sheep anti-
mouse immunoglobulin conjugated to horseradish peroxidase. Results were calculated as the 
percentage inhibition of binding by monoclonal antibody in the absence of any serum and cut 
off values used were those recommended by the manufacturer’s method (Selleck, 2008). Seal 
sera giving a percentage inhibition of less than 40% were considered negative and those above 
60% were designated positive. Sera falling between 40 and 60% were considered equivocal 
and were retested.  
 
Testing for antibodies to five Leptospira serovars; L. Australis, L. Copenhageni, L. 
Grippotyphosa, L. Hardjo, L. Pomona and, L. Tarassovi was by a microscopic agglutination test 
(MAT). The technique followed protocols outlined in the Australian and New Zealand 
Standard Diagnostic Procedures Schedule (http://www.scahls.org.au). It tests the ability of 
serial dilutions of the species’ sera and positive control sera to inhibit agglutination of a 
standard antigen. The accepted endpoint of the agglutination reaction is the final dilution of 
serum at which 50% or more of the leptospires remain agglutinated, as compared with a control 
suspension. Serial dilutions of 1:50 to 1:6400 were utilised and agglutination at ≥1:100 were 
considered positive based on the validation of the MAT in Californian sea lions (Colagross-
Schouten et al., 2002).  
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Sera were tested for evidence of exposure to Brucella spp. using a commercially available, 
competitive ELISA kit (Svanovir®, Svanova Biotech, Uppsala, Sweden). The method was 
performed according to the instruction manual, using the same conditions established for 
testing bovine serum. Briefly, test serum is exposed to B. abortus coated wells together with a 
mouse monoclonal antibody specific for an epitope on the o-polysaccharide portion of the S-
LPS antigen. Binding of monoclonal antibody was detected with a goat anti-mouse 
immunoglobulin conjugated to horseradish peroxidase. Based on the manufacturer’s 
recommendations for bovine sera, inhibition values of < 30% were considered negative and 
those greater or equal were considered positive. Sera that fell within 5% of this cut off were re-
tested and the mean inhibition value used to determine the final result. 
 
A rapid lateral-flow test (Elephant TB STAT-PAK, Chembio Diagnostic Systems, Inc. 
Medford, NY), that employs a mixture of recombinant antigens from M. tuberculosis and M. 
bovis including ESAT-6, CFP10 and MPB83 (Lyashchenko et al., 2008) was used to test seal 
serum for exposure to species from the M. tuberculosis complex. The test comprises a plastic 
cassette containing a nitrocellulose membrane impregnated with test antigen. Serum and 
diluent buffer are applied to a test pad and capillary-action drive this mixture across the fixed 
antigens (including a positive control), which contain a blue latex bead, signal detection system 
(Lyashchenko et al., 2006).  
 
The presence of agglutinating antibodies to Toxoplasma gondii in seal sera was investigated 
using a modified agglutination test (ModAT) (Antigen Toxo AD kit, BioMerieux, 
Charbonnieres les Bains, France). Formalin-treated T. gondii tachyzoites were used as the 
antigen and sera were tested at serial dilutions with the results expressed as the reciprocal of 
the highest dilution giving a positive reaction. Prior to testing, serum samples were mixed with 
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25 µl of 0.2 M 2-mercaptoethanol (British Drug Houses, England) in phosphate-buffered saline 
to destroy class M immunoglobulins, which improves the specificity of the test (Desmonts and 
Remington, 1980). A positive control serum of known titre (Toxotrol A Cat. # 7 543 1, 
BioMerieux) was run with test sera for quality assurance. Based on the application of the test in 
numerous wildlife species, a result of ≥ 64 was considered positive (Johnson et al., 1989; 
Lynch et al., 1993; Obendorf et al., 1996).  
 
RESULTS 
Between 2007 and 2009, 125 adult female Australian fur seals were captured and sampled on 
Kanowna Island. Seals sampled in 2007 (n = 43) and 2008 (n = 61) were tested for antibodies 
to all six pathogens. An additional 21 animals captured in 2009 were only tested for antibodies 
using the morbillivirus serum neutralisation test and the Brucella cELISA. Assuming a test 
sensitivity of 100%, the sample size of 125 animals (morbillivirus and Brucella) gave a 95% 
confidence level of detecting at least one positive case if the true antibody prevalence was 
3.6% or higher. The sample size of 104 animals (influenza A, Leptospira, Mycobacteria and T. 
gondii) would result in at least one positive animal being detected if the antibody prevalence 
was 4.2% or higher. 
 
There was no serological evidence of exposure of Australian fur seals to the morbillivirus, 
canine distemper virus, so samples were not further tested using phocine and dolphin distemper 
viral strains. No animals were classed as antibody positive for Leptospira serovars, influenza A 
viruses, T. gondii or M. tuberculosis complex bacteria. However, 56.8 % of the 125 adult 
females (95% CI: 47.6 to 65.6) were classed as positive using the Brucella cELISA test (Table 
2.1). A Chi-square test for independence indicated a significant difference in the prevalence of 
antibody positive animals between years, (χ2 = 10.62, df = 2, P < 0.005). Prevalence was 
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highest in 2007 (74.4%) and significantly decreased (χ2 = 5.14, df = 1, P < 0.023) in 2008 
(52.5%). There was no significant difference (χ2 = 2.29, df = 1, P < 0.13) in prevalence 
between 2008 and 2009 (33.3%). Mean percentage inhibition values from the Brucella cELISA 
were compared between 2007 and 2008 and no significant difference found (t = 0.895, n = 104, 
P < 0.37). 
 
DISCUSSION 
Morbilliviruses 
Antibodies stimulated by morbillivirus infections are usually long lived (Cornwell et al., 1992; 
Schultz et al., 2010). Thus, the absence of titres in animals sampled in this study suggests that 
the Australian fur seal population on Kanowna Island has not been exposed to this pathogen. 
The mortality, in 1988, of nearly 20,000 harbor seals (Phoca vitulina) in north European waters 
caused by phocine distemper virus (PDV) stimulated numerous pathological and serological 
surveys in pinnipeds (Cosby et al., 1988; Osterhaus et al., 1988; Heide-Jorgensen and 
Harkonen, 1992). While further distemper epizootics caused by PDV and CDV have been 
subsequently confirmed in Northern Hemisphere phocids (Grachev et al., 1989; Duignan et al., 
1995; Osterhaus et al., 1997; Kennedy et al., 2000), this has not been the case in Southern 
Hemisphere pinnipeds. Pinnipeds from Australian coastal waters had not been surveyed for 
morbillivirus antibodies prior to this study, but there was evidence that morbilliviruses were 
present in some southern hemisphere pinnipeds. Antibodies to CDV have been found in 
crabeater seals (Lobodon carcinophagus) and leopard seals (Hydrurga leptonyx) in Antarctica 
(Bengtson and Boveng, 1991). In addition, gross pathological symptoms of crabeater seals 
(Lobodon carcinophagus) involved in a mass mortality event in Antarctica in 1955 were 
consistent with morbillivirus infection (Laws and Taylor, 1957). In New Zealand waters, there 
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Table 2.1: Serum antibody prevalence to Brucella spp. in adult female Australian fur seals 
between 2007 and 2009. Combined prevalence for the three years was 56.8% (95% CI, 47.6 to 
65.6%), however, there was a significant difference (P < 0.02) between 2007 and 2008. 
 
 
Year Tested Positive Prevalence (%) + 95% CI 
2007 43 32 74.4 (58.8 to 86.5) 
2008 61 32 52.5 (39.3 to 65.4) 
2009 21 7 33.3 (14.6 to 57.0) 
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 is serological evidence of exposure to a PDV-like virus in both New Zealand fur seals and 
New Zealand sea lions (Phocarctos hookeri) (Duignan et al., 2000). In addition, debilitated 
South American sea lions (Otaria flavescens) have recently been observed with clinical signs 
of distemper (paresis, seizures and dyspnea) as well as histological evidence of distemper in 
brain tissues (Grau et al., 2009).  
 
Potential sources of morbillivirus exposure in Australian fur seals are domestic dogs, wild 
canids and other pinnipeds. Canine distemper virus was found to be responsible for the mass 
mortality events in Baikal seals (Phoca sibirica) in 1987 and Caspian seals (Phoca caspica) in 
2000 and the virus is considered to have been introduced into these populations through contact 
with either domestic dogs or wolves (Grachev et al., 1989; Kennedy et al., 2000). Introduction 
of CDV into Antarctic phocids is thought to have been via infected sled dogs imported from 
Arctic Canada and Greenland, where the disease is endemic (Bengtson and Boveng, 1991). In 
Australia, the prevalence of CDV in domestic dogs is low, but occurs sporadically (Norris et 
al., 2006). Canine distemper virus is of unknown prevalence in foxes, dingos and feral dogs, 
but likely to be low. Domestic dogs are known to occasionally have close contact with 
Australian fur seals, particularly seals that are humanized or debilitated providing opportunities 
for pathogen transfer.  
 
Leopard seals and to a lesser extent crabeater seals are occasional visitors to the Australian 
mainland and could carry CDV or PDV to Australian fur seals. However, close contact 
between these individuals and local otariids would be unusual, so the risk of virus transfer is 
probably low. New Zealand fur seals have broad range and are found in both New Zealand and 
southern Australia (Warneke and Shaughnessy, 1985). The identification of a PDV-like virus 
in the New Zealand population and evidence that individuals from New Zealand can cross the 
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Tasman Sea to south-eastern Australia (Shaughnessy, 1999), suggests New Zealand fur seals 
could bring morbilliviruses into the range of Australian fur seals. Furthermore, New Zealand 
fur seals resident in Australia often occupy the same sites as Australian fur seals (Kirkwood et 
al., 2009). The morbillivirus antibody status of New Zealand fur seals in Australia is unknown 
although a preliminary serological survey of 31 adult female New Zealand fur seals from 
Kangaroo Island found no evidence of disease exposure (M. Lynch, unpublished data).  
 
There has been no morbillivirus-related mass mortality events observed in otariid seals world-
wide but it is unknown whether this reflects an innate resistance in this group, the lack of 
exposure of susceptible species or suboptimal conditions to sustain an epidemic. Among 
phocids, susceptibility to morbillivirus varies between species with harbor seals (Phoca 
vitulina) more susceptible and less immunologically competent with respect to infection with 
PDV than grey seals (Halichoerus grypus), harp seals (P. groenlandica) and hooded seals 
(Cystophora cristata) (Duignan et al., 1997a; Duignan et al., 1997b). This difference in 
susceptibility is reflected in the magnitude of the epidemics impacting European harbor seals in 
1988 and 2002, in which harbor seals died in large numbers with minimal mortality among 
sympatric grey seals (Heidejorgensen et al., 1992; Jensen et al., 2002). The susceptibility of 
Australian fur seals to disease following morbillivirus exposure is unknown but the epizootics 
caused by CDV in a wide range of terrestrial carnivores and marine mammals, suggests that 
this virus in particular would be capable of inducing disease. 
 
Influenza A viruses 
Influenza A viruses can cause disease in a wide variety of avian and mammalian hosts and are 
recognized as significant human pathogens (Alexander and Brown, 2000). Phylogenetic 
evidence suggests that influenza epidemics in humans and other mammals, including seals, all 
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derive from mutation and antigenic drift of viruses originating in aquatic birds (Webster et al., 
1992). Influenza A viruses have caused mortality events in harbor seals along the New England 
coast of North America ( Geraci et al., 1982; Hinshaw et al., 1984; Callan et al., 1995). 
Infection of marine mammals by influenza A viruses appears to be sporadic with only low 
antibody prevalence reported from grey, harp, hooded and ringed (P. hispida) seals in the 
North Atlantic and Arctic, and a low to moderate prevalence among South American fur seals 
in Uruguay (Blanc et al., 2009; Nielsen et al., 2001a; Stuen et al., 1994).  
 
The EIV cELISA used in our study is highly sensitive and suitable for application across 
species (Selleck, 2008). Therefore the negative results obtained for Australian fur seal females 
indicate that they have not experienced recent exposure to influenza A viruses. Influenza A 
viruses are known to be circulating at low prevalence in Australian aquatic birds, although they 
are considered to be of low pathogenicity in their current forms (Haynes et al., 2009). 
Nevertheless, the possible introduction of potentially pathogenic influenza viruses from birds 
to seals remains and influenza exclusion testing is warranted for seals with pneumonia for 
which no other causal agent has been identified. 
 
Leptospira serovars 
Leptospirosis is commonly carried by rodents, with domestic animals such as cattle and dogs 
also recognized as sources of infection for humans and other animals (Levett, 2001). 
Leptospirosis is a significant cause of mortality and morbidity in Californian sea lions 
(Zalophus californianus) (Dierauf et al., 1985) and has been reported from a number of other 
Northern Hemisphere pinnipeds (Smith et al., 1977; Colegrove et al., 2005). It has not been 
isolated in southern hemisphere pinnipeds but antibodies to several Leptospira serovars, L. 
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Hardjo, L. Canicola and L. Pomona, have been found in New Zealand fur seal pups without 
evidence of disease (Mackereth et al., 2005).  
 
Modified agglutination tests are used for leptospirosis investigations in many species and were 
highly sensitive in detecting infection in Californian sea lions (Colagross-Schouten et al., 
2002). Therefore, the negative results obtained from adult female Australian fur seals indicate 
they have not been exposed to the Leptospira serovars tested. There are over 23 Leptospira 
serovars endemic in Australia and infection is acquired by direct contact with carrier animals or 
contaminated fresh water (Roberts et al., 2010). Australian fur seals occasionally travel up 
rivers and creeks that receive water run-off from cattle farming areas and so could potentially 
be exposed to leptospires. It is also possible that Australian fur seals have antibodies to 
serovars not investigated in this study. A broader survey may be required in the future, 
particularly if seals present with pathology suggestive of leptospirosis. 
 
Mycobacterium tuberculosis complex 
Tuberculosis caused by M. pinnipedii has been identified in New Zealand fur seals in both New 
Zealand and Australia, Australian sea lions and Australian fur seals (Woods et al., 1995; 
Cousins et al., 2003). Tuberculosis of wild Australian fur seals is relevant not only to the health 
of seals but also as a potential risk to the agricultural industry and as a zoonotic disease. Seal to 
cattle transmission of tuberculosis is thought to occur sporadically in New Zealand where M. 
pinnipedii has been isolated from cattle grazed on coastal pastures (Ladds, 2009). There is 
certainly the potential for this inter-species transmission to occur across the range of Australian 
fur seals as many of the coastal areas of south-eastern Australia have cattle enterprises based on 
pasture grazing. Also, human infection with M. pinnipedii acquired from captive seals has 
occurred on at least two occasions (including once in Australia from wild-caught New Zealand 
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fur seals) highlighting the zoonotic potential of this organism (Forshaw and Phelps, 1991; 
Kiers et al., 2008). The risk of human-acquired M. pinnipedii would be expected to be greatest 
in those with close and frequent contact with seals. This group includes research scientists, 
veterinarians and zoo keepers, particularly those caring for wild-caught animals.  
 
The finding of no individuals with antibodies to M. tuberculosis complex antigens was notable 
because tuberculosis is known to sporadically occur in Australian fur seals. Whether this 
organism persists within the Australian fur seal population at a low prevalence or is 
periodically introduced from other pinnipeds is unknown. It is possible that the ability of the 
STAT-PAK test to detect latently infected animals or those in the early stages of infection is 
limited. This test has been validated in a range of species (Lyashchenko et al., 2008) and, like 
other serological tests for tuberculosis, it relies on detecting the humoral immune response 
which usually is most prominent in animals with very active and usually advanced infections 
(Cousins, 1987; Anon, 2009; Chambers, 2009). These animals would be expected to quickly 
succumb reducing the chances of such individuals being sampled in the wild.  
 
Toxoplasma gondii 
T. gondii and related protozoa occasionally cause disease in marine mammal species (Dubey et 
al., 2004; Dubey et al., 2008) and, in some, toxoplasmosis is emerging as a significant disease 
issue (Lapointe et al., 1998; Lapointe et al., 2003; Conrad et al., 2005; Miller et al., 2008). In 
Australian waters, T. gondii was identified as the cause of a fatal meningitis in an adult 
Australian sea lion (Fay, 1989; Kabay, 1996) and severe disseminated disease in a pup of the 
same species (Fay, 1989; Kabay, 1996). The ModAT test used in the present study, although 
not validated specifically for pinnipeds, has successfully detected antibodies against T. gondii 
in a range of species including marine mammals (Dubey et al., 2003; Dubey et al., 2005). 
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Therefore, our negative results strongly suggest that T. gondii infection was not present in adult 
female Australian fur seals on Kanowna Island.  
  
The life cycle of T. gondii requires a felid definitive host and infected cats may excrete millions 
of highly resistant T. gondii oocysts that contaminate the environment. These are then directly 
ingested by a mammalian intermediate hosts in food or water in which they may cause disease. 
If the host survives infection tissue cysts containing T. gondii are formed and consumption of 
these tissues serve as a second means by which some intermediate hosts may be infected 
(Dubey, 2004). Infection routes for seals are poorly understood as the cold blooded animals 
that most pinniped species prey upon are not parasitized by T. gondii (Dubey et al., 2008). 
Possible infection sources are marine, filter feeding invertebrates that concentrate oocysts that 
have contaminated seawater (Miller et al. 2008b). These may then be consumed by marine 
mammals or their prey. Like Australian sea lions, Australian fur seals do not prey on filter 
feeding marine invertebrates (McIntosh et al., 2006; Kirkwood et al., 2008). Therefore, the 
frequency of exposure of Australian fur seals to infection with T. gondii is difficult to assess 
without further knowledge on the likely sources of infection. The epidemiology of T. gondii in 
marine mammals is further intriguing in high latitude regions, where some seal species have a 
high prevalence of antibodies to T. gondii but where there are no domestic cats and low 
densities of wild felids (Jensen et al., 2010).  
  
The potential impact of T. gondii in Australian fur seals is unclear as susceptibility of 
intermediate host species to disease and the virulence of different parasite strains varies 
(Dubey, 2004). However, the toxoplasmosis cases in Australian sea lions suggest strains of T. 
gondii virulent to otariids are present in Australian waters. The likely frequency of exposure of 
Australian fur seals to infection with T. gondii is difficult to assess without further knowledge 
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on the likely sources of infection. The importance of the diagnoses of toxoplasmosis in 
Australian sea lions would be further clarified by a serological survey for T. gondii in this 
species and this, in turn, would enable a more precise assessment of the risk to Australian fur 
seals.  
 
Brucella spp. 
The presence of Brucella antibodies in marine mammals has been reported from many 
geographic areas and species, indicating that Brucella infections affect a large number of 
cetacean and pinniped species and have a world-wide distribution (Nielsen et al., 2001b; 
Tryland et al., 2005). The first marine strains of Brucella were isolated from seals and 
cetaceans in 1994 (Ross et al., 1994). Subsequent to this, a genetically distinct Brucella type, B. 
pinnipedialis, has been found in numerous Northern Hemisphere pinniped species (Foster et 
al., 2002; Maratea et al., 2003; Foster et al., 2007; Dawson et al., 2008). Marine Brucella spp. 
have not been found in Southern Hemisphere pinnipeds although they have been isolated from 
humans in South America and New Zealand where they were responsible for severe disease 
(Sohn et al., 2003; McDonald et al., 2006).  
 
Brucellosis in terrestrial wildlife and domestic animals causes abortion and infertility and is of 
high economic consequence to the livestock industry. Brucella infection in cetaceans has been 
associated with epididymitis and abortion (Foster et al., 2002). In pinnipeds Brucella infections 
are associated with a range of pathology including bronchopneumonia and abortion, but they 
have been also isolated from apparently healthy animals so their pathological significance 
remains unclear (Foster et al., 2002; Prenger-Berninghoff et al., 2008).  
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This study found a high prevalence of antibodies to a Brucella-like organism in the adult 
female Australian fur seals. False positive results from Brucella serological tests may be 
caused by antibodies to cross-reacting bacteria particularly Yersinia enterocolitica (Kittelberger 
et al., 1995). However, in cattle, cELISAs have been found to have high specificity compared 
to indirect ELISAs and are considered reliable tests for detecting individuals naturally infected 
with B. abortus (Samartino et al., 1999). Whether cELISAs behaves similarly in pinnipeds is 
unknown, but a comparison of serological tests for Brucella applied in Hawaiian monk seals 
(Monachus schauinslandi) concluded that a cELISA was suitable for use as a screening test 
(Nielsen et al., 2005).  
 
The significant decrease in prevalence of antibodies between 2007 and 2008 cannot be 
explained with the present data. It may indicate that exposure of the population to Brucella 
occurred immediately prior to 2007 and antibody levels in animals were waning but this is not 
supported by finding no significant difference in mean antibody titres between the two years. A 
high prevalence of antibody positive animals in a population, as seen with Brucella in this 
study, often indicates endemic infection, where animals are frequently exposed to a pathogen 
and/or it persists within the population.  
 
It is unknown whether Australian fur seals in the present study were actively infected with 
Brucella when sampled; all but three animals appeared healthy. One of these three individuals, 
observed to abort just prior to sampling was seronegative and a second animal, suspected of 
recently aborting, due to a bloody, vulval discharge, was seropositive. Aborted fetuses and 
premature births are often observed in Australian fur seals and the rate of gestational failure has 
been estimated to vary between 21 and 37% (Gibbens et al. 2010). Based on the findings of a 
high prevalence of antibody-positive adult female Australian fur seals reported here, and 
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potential links of infection to infertility and abortion, further investigations are required into 
Brucella epidemiology in Australian fur seals. 
 
In summary, the study reported here is the first serological survey for infectious disease 
conducted on free-ranging Australian fur seals. The results suggest in the Kanowna Island 
colony five of six potentially important pathogens are either not present or at low prevalence. 
The importance of the high prevalence of antibodies to an unidentified Brucella sp. is unclear 
and investigations to establish this are currently being conducted. The disease status of other 
Australian fur seal colonies remains unknown but may be expected to be similar as the frequent 
movement of individuals between sites would facilitate the spread of infectious disease 
throughout the population, 
 
Should pathogens capable of inducing high morbidity and mortality be introduced into the 
Australian fur seal population, the potential exists for the propagation of an epizootic. Their 
susceptibility to disease epizootics is contributed to by the density of the animals at haul-out 
sites, the local distribution of the species in Bass Strait, and the apparent lack of immunity to 
some infectious agents known to cause disease in other otariids.  
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ABSTRACT 
Novel members of the genus Brucella have recently emerged as pathogens of various marine 
mammal species and as potential zoonoses. Here, the epidemiology of Brucella infection in 
Australian fur seals was investigated by establishing demographic and temporal variations in 
antibody prevalence, attempting isolation of the causative agent, and determining if this 
potential pathogen is involved in the frequent abortions observed in this pinniped species. Two 
competitive enzyme immunoassays (cELISAs), an indirect enzyme immunoassay (iELISA) 
and a fluorescence polarization assay (FPA) were used to test sera for Brucella antibodies. The 
FPA and cELISA tests both proved suitable for use in this species. Significant differences in 
antibody prevalence were found between age classes of seals sampled between 2007 and 2009 
at a single colony. All pups sampled (n = 134) were seronegative but 38% of juveniles had 
antibodies to Brucella. Seroprevalence in adult females was significantly higher than in 
juveniles (P = 0.044). Sera collected from adult females between 2003 and 2009 showed that 
antibody prevalence varied significantly over time (P = 0.011) and, for individuals sampled 
between 2003 and 2005, the likelihood of a positive pregnancy status was greater in individuals 
seropositive for Brucella (P = 0.034). Inflammatory lesions suggestive of infectious agents 
were found in 14/39 aborted Australian fur seal pups but pathologic changes were not 
uniformly consistent for Brucella infection. Furthermore, culture and PCR investigations on 
foetal tissues were negative for this pathogen. Culture and PCR on selected fresh and/or frozen 
tissues from 36 juvenile and adult animals were also negative for Brucella. It is suspected that 
the prevalence of active infection with Brucella in Australian fur seals is low relative to their 
antibody prevalence. 
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INTRODUCTION 
Brucella infections of terrestrial animals are a well recognized cause of abortion and infertility 
and, consequently, of high economic concern to the domestic livestock industry (Van Campen 
and Rhyan, 2010). Infection of marine mammals with Brucella spp. has been recognized since 
the mid-1990s (Ross et al., 1994) and, subsequently, serological evidence of exposure to 
bacteria from this genus has been found in many geographic areas and species (Nielsen et al., 
2001; Tryland et al., 2005). Marine strains of Brucella are genetically and biochemically 
distinct from other species in this genus and isolates from cetaceans and pinnipeds have been 
recently proposed as two new species, respectively, B. ceti and B. pinnipedialis (Foster et al., 
2007; Dawson et al., 2008b). 
 
While there is serological evidence of exposure to Brucella spp. in Southern Hemisphere 
cetaceans and pinnipeds, no isolates of the bacterium have been made from marine mammals in 
this region (Blank et al., 2002; Dawson, 2005; Abalos et al., 2009). However, isolates made 
from humans with severe brucellosis who were resident in South America and New Zealand 
were characterised as marine mammal types (Sohn et al., 2003; McDonald et al., 2006; 
Dawson et al., 2008b), demonstrating the organism’s presence in Southern Hemisphere marine 
mammals, and its zoonotic potential. 
 
Brucella has been demonstrated to cause fatal neurobrucellosis in striped dolphins (Stenella 
coeruleoalba) from European and Central American waters and has also been detected in 
placental and foetal tissues from this species (Gonzalez et al., 2002; Hernandez-Mora et al., 
2008; Davison et al., 2009; Gonzalez-Barrientos et al., 2010). Brucella has also been associated 
with abortion and placentitis in bottlenose dolphins (Tursiops truncatus) (Miller et al., 1999), 
and epididymitis and orchitis in harbour porpoises (Phocoena phocoena) (Foster et al., 2002; 
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Dagleish et al., 2008), minke whales (Balaenoptera acutorostrata) and a single Bryde’s whale 
(B. edeni) (Ohishi et al., 2003). These findings suggest that, as in terrestrial mammals, 
brucellosis in cetaceans is associated with reproductive failure. 
 
In contrast to cetaceans, Brucella spp. infections in pinnipeds are not associated with a clear 
pattern of pathology and the bacterium is often isolated from apparently healthy animals 
(Foster et al., 2002; Prenger-Berninghoff et al., 2008). Brucella spp. infections in pinnipeds 
appear to be most commonly associated with bronchopneumonia, potentially only acting as a 
secondary agent following parasitic infection (Prenger-Berninghoff et al., 2008). However, 
Brucella was recently suggested as a possible cause of abortion in California sea lions 
(Zalophus californianus) (Goldstein et al., 2009).  
 
This study has previously found that adult female Australian fur seals (Arctocephalus pusillus 
doriferus) have a high prevalence (57%) of antibodies to an unidentified Brucella sp. In 
addition, spontaneous abortions are commonly observed in Australian fur seals during the latter 
half of pregnancy, affecting up to 37% of known-pregnant females (Gibbens et al., 2010). 
Therefore, the aims of this study were to investigate whether Brucella is associated with 
abortion in Australian fur seals and to investigate the epidemiology of this potential pathogen. 
This includes the demographic, temporal and spatial variations in antibody prevalence, 
isolation of the causative agent, routes of infection and pathological consequences. Establishing 
these epidemiological parameters will enable an assessment of the importance of Brucella as a 
potential population regulatory factor in Australian fur seals.  
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MATERIALS AND METHODS 
Blood sampling 
The study site for the investigations of the inter-annual and demographic variations in antibody 
prevalence was the Australian fur seal colony on Kanowna Island (39o10´S, 146o18´E), 
northern Bass Strait. Capture efforts for this aspect of the study were concentrated at a single 
colony to limit potential inter-colony confounding factors that might affect antibody 
prevalence. Sampling of seals belonging to the juvenile and pup age classes was conducted 
annually between 2007 and 2009 and these age classes were sampled as encountered rather 
than selected on gender. Animals were classed as juveniles if they were estimated to be >1-yr 
of age, based on the presence of an erupted permanent canine tooth, and <3-yr of age, based on 
their body size (< approximately 1.5 m length, and <50 kg for females or <100 kg for males). 
In females where age class was uncertain, the detection of pregnancy (by palpation) or positive 
lactational status was used to distinguish adults from juveniles. The pupping season of 
Australian fur seals is synchronized and occurs between mid-November and mid-December 
(Gibbens and Arnould, 2009b). Pups (<1-yr of age) were sampled between April and October 
in 2007 (4 to 10 mo of age), in January 2008 (<2-mo of age) and in late November 2008 (<2-
wk of age).  
 
To investigate possible spatial differences in antibody prevalence, pups from three other 
Australian fur seal colonies, The Skerries (37o45´S, 149o31´E), Seal Rocks (38o30´S, 
145o10´E) and Lady Julia Percy Island (38o42´S, 142o00´E), were sampled between late 
December 2007 and late January 2008. This sampling was conducted concurrently with a 
mark-recapture study (Kirkwood et al., 2010).  
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Because adult females sampled on Kanowna Island between 2007 and 2009 were found to 
have a high prevalence of Brucella antibodies, additional analyses were performed on samples 
and data collected from adult females at the same site between 2003 and 2005. For this data 
set, information concerning each individual’s pregnancy and lactation status, age, and 
reproductive success was available (Gibbens et al., 2010).  
 
Desired sample sizes were calculated on the assumption that the prevalence in the juvenile and 
pup age classes may be lower than that established for adult females. WinPepi epidemiological 
software, Version 10.5 (Abramson, 2004), was utilised.  
The estimated population size of the Kanowna Island colony is 15,000 individuals which 
includes an annual production of approximately 3,400 pups (Kirkwood et al., 2010). In 
Australian fur seals, the juvenile demographic represents approximately 35% of the population 
(Gibbens and Arnould, 2009a), thus giving an approximate total of 5200 juveniles born at 
Kanowna Island. A sample size of 59 for each age class was calculated to enable a 95% 
probability of detecting at least one positive animal if antibody prevalence was 5% or greater. 
 
Animals were selected at random and captured either by hand (young pups) or with a large 
hoop net (Research Nets Inc, WA, USA and Fuhrman Diversified Inc. TX, USA). Seals were 
manually restrained and blood samples collected from either the inter-digital hind flipper veins 
or from a vein lying in the webbing of the fore flipper. Samples were transferred into untreated 
tubes (BD Vacutainers, Becton, Dickerson and Co. North Ryde, Australia) and allowed to clot 
for at least one hour prior to centrifugation. Serum aliquots were stored at -20 C or lower until 
analysis.  
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Antibody assays 
All sera were assayed for Brucella spp. antibodies using a commercially available, competitive 
enzyme immunoassay (cELISA) kit (Svanovir®, Svanova Biotech, Uppsala, Sweden). Testing 
of sera using this kit was performed at the laboratories of the Veterinary Diagnostic Services, 
Department of Primary Industries, Attwood, Victoria 3049, Australia. In addition, all juvenile 
and adult female samples plus 10 pup sera from each year were tested using a second cELISA, 
an indirect ELISA (iELISA) and a fluorescence polarization assay (FPA) at the Canadian Food 
Inspection Laboratories Ottawa, Canada, so that test performance and agreement could be 
assessed.  
 
For the Svanovir® cELISA, the assay was performed according to the manufacturer’s 
instructions. Briefly, test serum is exposed to B. abortus coated wells together with a mouse 
monoclonal antibody specific for an epitope on the o-polysaccharide portion of the S-LPS 
antigen. Binding of monoclonal antibody was detected with a goat anti-mouse immunoglobulin 
conjugated to horseradish peroxidase. Based on the manufacturer’s recommendations for 
bovine sera, inhibition values of ≥30% were considered positive. Sera that fell within 5% of 
this cut off were re-tested and the mean inhibition value used to determine the final result. 
 
The second cELISA, the iELISA and the FPA were performed according to the methods 
described by Nielsen et al. (2005). Briefly, for the cELISA, test sera were diluted 1:10 with 
0.01M, pH 7.2 phosphate buffered saline containing 0.05% Tween-20 (PBS/T) containing 
divalent cation chelating agents (EDTA/EGTA) in order to reduce nonspecific 
antigen/antibody binding. The diluted sera were added onto high-binding polystyrene 
microplates (Invitrogen Inc. Burlington, Ontario, Canada) which contained wells coated with 
purified, smooth lipopolysaccharide (S-LPS) from B. abortus strain 1119.3. This was 
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immediately followed by the addition of a mouse monoclonal antibody specific for the M-84 
epitope on the o-polysaccharide portion of the S-LPS antigen, which is common to all strains 
of Brucella. After incubation and washing antigen/antibody binding was detected using goat 
anti-mouse immunoglobulin (Jackson ImmunoResearch Labs Inc., West Grove, Pennsylvania, 
USA) followed by the addition of substrate chromogen. Optical density readings at 414 nm 
were made after 10 min, and a positive result was based on the cut-off obtained in previous 
experiments with cattle (inhibition ≥30%) (Nielsen, 1995).  
 
The iELISA also utilized S-LPS from B. abortus strain 1119.3 bound to microplate wells as the 
antigen. In this case, diluted serum samples (1:50) were added to the plates followed by the 
addition of universal protein A and G antibody binding reagent (Pierce, Rockford, Illinois, 
USA) conjugated with horseradish peroxidise. After incubation and washing, and subsequent 
addition of substrate/chromagen, optical readings were conducted as above for the cELISA. 
Inhibition of binding ≥20% was considered positive relative to a strongly positive bovine 
serum, which served as a positive control. 
 
In the FPA, test serum was diluted 1:100 in 0.01M Tris, pH 7.0 containing 0.15M NaCl, 10mM 
EDTA, and 0.05% Igepal CA 630 (Sigma-Aldrich Canada Ltd., Mississauga, Ontario, Canada). 
A baseline fluorescence measurement of the diluted sample was first obtained using a 
SENTRY fluorescence polarization analyser, (Diachemix Corporation, White Fish Bay, 
Wisconsin, USA) before addition of antigen (Nielsen et al., 1996). The antigen, (B. abortus o-
polysaccharide conjugated with fluorescein isothiocyanate) was in a solution containing 0.01M 
sodium phosphate, pH 7.0 with 0.15M NaCl and 0.1% sodium azide. Following incubation to 
allow the antibody and antigen to bind, the sample was again measured in the fluorescence 
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polarization analyser. Based on previous experiments with seal sera (Nielsen et al., 2005), a 
cut-off millipolarization value of ≥90 mP was used to indicate a positive result. 
 
Tissue and swab collection 
 Aborted Australian fur seal pups were collected between 2007 and 2010 during field 
operations on Kanowna Island, Seal Rocks and Lady Julia Percy Island. Foetuses and 
placentae (if available) were weighed separately, and a standard crown-rump measure of 
length was made. Some foetal tissues had been scavenged by seabirds prior to collection. If 
available, tissue samples were taken from the placenta, lung, liver, spleen, kidney, axillary 
lymph node, brain, heart, thymus, stomach, intestine, pharynx, and eye and preserved in 10% 
buffered formalin for histological examination. For animals processed in the field, placenta, 
lung, liver, spleen, and stomach contents were frozen in liquid nitrogen, and then held at -70 
C until microbiological and molecular analysis for Brucella. For a small number of foetuses, 
it was possible to immediately culture fresh tissues. 
 
Juvenile and adult Australian fur seals found dead and dying along the Victorian coastline 
between 2007 and 2010 were collected for post mortem examination. Seals were weighed 
and measured for standard length (nose to tail tip) and axillary girth. In addition to the tissue 
samples listed for foetuses (excepting placenta and thymus), gonad, uterus, mammary gland, 
mediastinal lymph node, thyroid, adrenal and bladder were routinely collected into formalin 
and frozen from older age classes. Frozen tissues were held at -70 C until analysis, and, for 
some animals, fresh lung and lymph nodes were also cultured for Brucella spp.  
 
Frozen lung from four animals noted to be infected with lungworm on histological 
examination were dissected in an effort to recover the parasite. Slices of lung were immersed 
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in 0.9% saline and individual worms teased from the tissue under a dissecting microscope. 
Worms recovered were held in saline overnight prior to polymerase chain reaction (PCR) 
analysis for Brucella. 
 
Brucella can be recovered from milk of some terrestrial species infected with this pathogen 
(Rhyan et al., 2009; Neta et al., 2010). Milk samples obtained from Australian fur seals at 
Kanowna Island between 2003 and 2008 were, therefore, investigated by culture and PCR for 
the presence of Brucella. Samples had been frozen at -20 C and thawed two or three times 
prior to analysis.  
 
Buccal and rectal microbiological swabs were collected from several juveniles (n = 6) as 
Brucella has been isolated from the digestive tract of some pinnipeds (Prenger-Berninghoff et 
al., 2008). These animals were captured at Seal Rocks in July 2010 for the purpose of an 
ecological study. Swabs were held at 4 C in Amies transport media (BD Diagnostics, Becton, 
Dickerson and Co. North Ryde, Australia) for up to three days prior to processing. 
 
Tissue and swab analysis 
Formalin-fixed tissues were embedded in paraffin wax, sectioned at 5 µm intervals and stained 
with hematoxylin and eosin for histological examination. Cultures of fresh tissues were 
performed using a Brucella-selective medium, Farrell’s agar (Farrell and Robertson, 1972) and 
sheep or horse blood agar, incubated at 37 C in 10% CO2 for 3-14 days. Frozen tissues were 
thawed and a 1cm3 piece ground up using sterile sand and physiological saline. Biphasic media 
(Corner and Alton, 1987), Serum Dextrose Agar and Horse Blood Agar (HBA) plates were 
inoculated using 1 drop of homogenate and then incubated at 37 C for four wk. Cultures were 
checked every three days for evidence of colonies with Brucella-like morphology. Colonies 
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were subcultured onto HBA and the resultant colonies were Gram stained and oxidase and 
catalase tests were performed to determine if further biochemical identification tests were 
warranted. 
 
For PCR analysis, DNA was extracted from tissue homogenate using QIAamp DNA Mini Kit 
(Qiagen Pty Ltd, Australia). DNA template (2 µl) was added to a PCR reaction mix containing 
HotStar TaqMaster Mix (Qiagen) primers targeting the Brucella-specific bp26 gene and 
downstream IS711 element (Cloeckaert et al., 2000) and H2O to a total volume of 25 µl. In 
addition to the sample templates, positive and negative controls were included. Positive 
controls included a marine strain of Brucella isolated from a New Zealand patient (McDonald 
et al., 2006), B. suis bv. 3 and B. melitensis bv. 2 WHO reference strains (AAHL, Geelong, 
Victoria). PCR included a denaturation step at 94 C for 15 min followed by 30 cycles of 94 C 
for 1 min, annealing at 58 C for 1 min and incubation at 72 C for 1min 30 sec. This was 
followed by a final extension step of 72 C for 7 min. A 10 µl aliquot of each Amplified DNA 
was electrophoresed in a 1% agarose gel in 1 x TAE buffer (40mM Tris-acetate, 2mM EDTA).  
 
Statistical Analysis 
Confidence intervals were calculated using WinPepi epidemiological software, Version 10.5 
(Abramson, 2004). Other statistical analyses were performed using the software program 
PASW Statistics 18 (SPSS Inc, Illinois USA). Antibody prevalence estimations were compared 
between age classes and years by chi-square tests for independence. Yates correction for 
continuity was applied to compensate for the overestimate of the chi-square value when 
calculated from a 2 x 2 contingency table. Agreement between serological tests was 
investigated by the Kappa measure of agreement. For the 2003-2005 data from adult females, 
the likelihoods of being pregnant and if pregnant, giving birth were modeled using binary 
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logistic regression. The analyses repeated those of Gibbens (2010) using the same data set but 
adding an additional independent variable, Brucella antibody status. Independent variables 
included in the first step of the model were capture date, age, standard length, body condition 
index, lactation status and antibody status. A backward-stepwise elimination method was used 
where the least significant variable (P > 0.1) was removed after each step.  
 
RESULTS 
Using the Svanovir® cELISA, 45 juvenile seals were sampled at Kanowna Island between 
2007 and 2009 and the combined antibody prevalence to Brucella for this age class was 37.8% 
(95% CI: 23.8 to 53.5). This was significantly less than adult females (56.8%, n = 125) 
sampled in the same period (χ2 = 4.06, n = 170, P < 0.044). No antibodies to Brucella were 
found in 134 pups sampled at Kanowna Island and only one antibody-positive individual was 
identified from 167 pups sampled from Seal Rocks (n = 57), Lady Julia Percy Island (n = 57) 
and The Skerries (n = 53). 
 
Antibody prevalence to Brucella spp. in adult females sampled between 2003 and 2009 
appeared to vary temporally (Figure 3.1). A series of chi-squared tests was performed to test 
for significance between years. Seroprevalence in 2003 was compared to 2005 and found to 
have significantly increased (χ2 = 7.24, n = 145, P < 0.007). Prevalence was then found to have 
declined significantly on comparison of the years 2007 and 2009 (χ2 = 8.35, n = 64, P < 0.004). 
One adult female sampled as a 6-yr-old in 2004 was recaptured in 2010. Her initial sample was 
classed as positive (inhibition = 41.42) but in 2010 she was seronegative (inhibition = 1.51). 
 
Samples from 30 pups were assayed with the additional three serological tests and four animals 
returned positive results, two with the cELISA and two with the iELISA (Table 3.1). In 
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Figure 3.1: Temporal variation in the prevalence of antibody-positivea adult Australian fur seal 
females on Kanowna Islandb. 
 
 
 
a
 Antibody prevalence calculated using the Svanovir® Brucella cELISA 
b Error lines represent 95% confidence interval of prevalence estimation and sample sizes are 
shown above data.  
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Table 3.1: Number of antibody positive results to Brucella spp. in Australian fur seal pups, 
juveniles and adult females from Kanowna Island 
 
 
Year  Age Class Svanovir® 
cELISA a 
cELISA a iELISA a FPA a 
2007 Pup 0/58 2/10 0/10 0/10 
 Juvenile 0/9 2/9 5/9 1/9 
 Adult 32/43 24/43 36/43 34/43 
2008 Pup 0/57 0/10 0/10 0/10 
 Juvenile 16/28 9/28 16/28 2/28 
 Adult 32/61 40/61 58/61 24/61 
2009 Pup 0/19 0/10 2/10 0/10 
 Juvenile 1/8 2/8 1/8 1/8 
 Adult 7/21 NTb NT NT 
 
a
 cELISA = competitive ELISA, iELISA = indirect ELISA, FPA = fluorescence polarization 
assay, b NT = Not tested  
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 juveniles, antibody prevalence calculated by the additional tests was 28.9% for the cELISA, 
48.9% for the iELISA and 11.1% for the FPA. Sera from adult females sampled in 2007 and 
2008 (n = 104) and found to have an antibody prevalence of 61.5% using the Svanovir® 
cELISA were re-tested with the additional assays. Antibody prevalences to Brucella spp. 
measured by these tests were 61.5% (cELISA), 90.4% (iELISA) and 55.8% (FPA). Combining 
all age classes, the agreement between the Svanovir® cELISA and each of the additional tests 
was classed as moderate (Svanovir® cELISA*cELISA, K = 0.57, P < 0.0005; Svanovir® 
cELISA*iELISA, K = 0.54, P < 0.005; Svanovir® cELISA*FPA, K = 0.63, P < 0.005). 
 
A significant association between positive antibody status and pregnancy (χ2 = 4.40, n = 200, P 
< 0.036) was found in females sampled between 2003 and 2005 using the chi-square test for 
independence. This finding was consistent with logistic regression analysis modeling 
pregnancy as the dependent variable. The final model contained age (Gibbens et al., 2010) and 
antibody status (χ2 = 32.17, n = 200, P < 0.025) as significant independent variables. Although 
seropositive individuals had a greater likelihood of being pregnant the size of the effect was 
small (phi correlation coefficient = 0.164). Antibody status had no influence on the likelihood 
of aborting using birth success as the dependent variable in logistic regression analysis. Chi-
square tests of serostatus in aged (>10 yr) versus young (≤10 yr) females were not significant. 
 
A total of 39 foetuses was examined over the course of the study with all but one collected in 
the second trimester of pregnancy (July to September). The placenta was available for 
sampling from 11 of these specimens. Placentitis, characterized by a diffuse, leukocytic 
infiltrate was present in one individual (Figure 3.2a). Areas of necrosis presumed to be part of 
the central or marginal haematomata, normal structures in the pinniped placenta (Harrison and 
Young, 1964), were noted in 45% (5/11) of individuals. The lung was the most common site of  
  Chapter 3 
67 
 
 
 
 
Figure 3.2a: Placentitis in an aborted Australian fur seal pup characterized by a moderately 
diffuse infiltration of neutrophils and mononuclear cells (H&E). 
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pathology. Alveoli and bronchioles of 86% (25/29) of lungs examined had mild to marked 
accumulations of cytokeratin-positive squamous cells suggesting foetal respiratory distress 
prior to abortion. Interstitial pneumonia, characterized by mononuclear (lymphocytic and 
plasmocytic) infiltrates and interstitial edema was observed in 21% (6/29) of these individuals 
and an additional two foetuses had foci of mixed inflammatory infiltrates within the lung. One 
fetus with severe interstitial pneumonia also had lymphoplasmacytic phlebitis of hepatic 
vessels, a mild diffuse non-suppurative meningitis and significant perivascular leukocytic 
infiltration in the myocardium (Figure 3.2b). Suppurative bronchiolitis with accumulation of 
neutrophils and macrophages within the terminal airways was also observed and this varied in 
its severity between affected foetuses. Cardiac inflammatory infiltrates were noted in 27% 
(8/30) of foetuses. Five of these were of a perivascular nature in the myocardium or epicardium 
and three foetuses exhibited pericarditis, characterized by mixed lymphocytic and leukocytic 
infiltrates. Conjunctivitis was present in 9% (2/22) of foetuses and in both cases this was 
characterized by neutrophilic infiltration of the lamina propria. Inflammatory lesions were seen 
in two other foetuses. One individual had a suppurative lymphadentis and a leukocytic infiltrate 
of the pharyngeal lamina propria and the second, a focus of acute, necrotic inflammation in the 
pharyngeal lamina propria.  
 
No Brucella spp. were isolated from fresh or frozen tissues collected from foetuses, juveniles 
or adults, and no positive Brucella-PCR results were obtained (Table 3.2). Lung worms were 
recovered from one of four animals examined and also were negative on PCR. Culture results 
on 106 milk samples were negative and 58 of these samples were tested by PCR and were also 
negative. Swabs of the buccal cavity and rectum collected from six juvenile seals were negative 
on culture for Brucella. 
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Figure 3.2b: Perivascular infiltrate consisting predominantly of neutrophils and mononuclear 
cells in the myocardium of an aborted Australian fur seal pup (H&E). 
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Table 3.2: Number and types of tissue samples investigated for Brucella spp. by specific 
culture (fresh and frozen) and molecular (PCR) techniques 
 
 
 Foetuses 
Fresh  Frozen PCR 
Juveniles 
Fresh  Frozen PCR 
Adults 
 Fresh  Frozen PCR 
Umbilicus 6         
Placenta  9 2       
Lung 6 25 5 2 18 11 1 8 6 
Lymph Nodes* 1 2 2 7 16 6 3 8 6 
Stomach Cont. 2 14 3       
Spleen 1 23 5 4 17 6  8 6 
Kidney  2    2     
Liver  13 5 2 7 4    
Testis/Epididy.  3   7 3  2 2 
Uterus  1  1 6 2  5 4 
Mammary       1 6 4 
Brain  2 1  1     
Abscess    3 2   1 1 
 
* Numbers represent pooled lymph node samples from individual animals 
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DISCUSSION 
The positive titres obtained from multiple assay types and the significant level of agreement 
between these tests give a high level of confidence that the results obtained here are truly 
representative of the exposure of Australian fur seals to Brucella sp. rather than cross-reacting 
bacteria (Kittelberger et al., 1995). Differences in prevalence estimations obtained by the four 
tests highlights the need to consider test performance when presenting results of serological 
surveys. The two cELISAs gave similar results whereas the iELISA gave a higher proportion 
of reactors in all age classes. Competitive ELISAs have the advantage over iELISAs of being 
able to distinguish between antibodies to Brucella spp. and those to other cross-reacting Gram 
negative bacteria in most occasions (Nielsen, 1990; Samartino et al., 1999). The present study, 
therefore, is consistent with Nielsen (2005) in concluding that the iELISA is an unsuitable test 
for the identification of Brucella reactors in pinnipeds. The FPA test detected the fewest 
number of reactors and this result is also consistent with Nielsen (2005) who suggested that this 
test is significantly more specific than the iELISA and marginally more specific than cELISA 
assays.  
 
The finding that no Australian fur seal pups from Kanowna Island had titres of Brucella 
antibodies exceeding threshold contrasts with the relatively high antibody prevalence in adult 
females from this location. Pup samples from Kanowna Island included 76 individuals 1-2 mo 
of age with 19 of these animals under 2-wk-old. It would be expected that passively transferred 
maternal antibodies would be still present in pups of this age. In addition, only one positive 
individual was found from 167 pups of 1-2 mo of age sampled from three other colonies. The 
lack of antibodies found in these pups contrasts to terrestrial species where offspring born to 
seropositive dams have detectable passively-transferred antibodies on standard serological tests 
for 2 to 5 mo after birth (Ray et al., 1988; Rhyan et al., 2009). The findings suggest that if 
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passive transfer of Brucella antibodies to pups occurs in Australian fur seals, the levels of 
antibodies are well below threshold values used in this study.  
 
The lack of detectable maternal Brucella antibodies in Australian fur seal pups is probably of 
little consequence in terms of an individual’s eventual susceptibility to infection as they are 
unlikely to provide prolonged protection. The importance of the finding is to assist 
understanding of the age at which individuals are first exposed to infection. Antibodies to 
Brucella have been detected in many pinniped species but few studies have included all age 
classes in serological surveys. Therefore, understanding of the timing of exposure to Brucella 
and antibody-status conversion in pinnipeds is lacking. Serum of 1/3 dead pups and 3/11 adult 
female Antarctic fur seals (A. gazella) were positive for Brucella antibodies on cELISA 
utilizing a threshold inhibition value of 30% (Retamal et al., 2000). The result from the pup 
however, was border-line positive and therefore, possibly doubtful. Fourteen pre-weaned, live 
pups sampled from the same population one year later were all negative but 3/61 adult females 
were antibody-positive (Blank et al., 2001). In harbor seals (Phoca vitulina) 2/18 pups 
(undefined weaning status) were positive to Brucella on iELISA and cELISA and higher 
prevalence rates were found in both juvenile and adult age classes (Zarnke et al., 2006). 
Increased prevalence with age was also noted in Hawaiian monk seals (Monachus 
schauinslandi) where progressively higher proportions of animals with Brucella antibodies 
were found in the weaned pup, juvenile and adult age classes (Aguirre et al., 2007). In the 
present study, increasing prevalence of Brucella antibodies with pup, juvenile and adult age 
classes was also seen. Although pups between 6-10 months of age were sampled in only 2007, 
the lack of positive results in this group suggests that antibody status conversion to Brucella 
occurs after 10 mo of age in Australian fur seals.  
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Routes of infection for Brucella spp. include inhalation, ingestion and venereal (Glynn and 
Lynn, 2008; Nicoletti, 1980). Timing of antibody status in Australian fur seals might be 
explained by when weaning occurs in this species. Australian fur seal normally wean between 
10-12 mo of age with some individuals suckled well into their second year (Warneke and 
Shaughnessy, 1985; Hume et al., 2001). The results of the present study are, therefore, 
consistent with a hypothesis that first exposure to Brucella spp. in Australian fur seals is 
associated with the change to a prey-based diet. It has been suggested that a means by which 
marine mammals become infected with Brucella spp. is by infection with lungworm species 
(Garner et al., 1997; Dawson et al., 2008a). Pinnipeds are infected with lungworm by 
consumption of intermediate host fish species (Lehnert et al., 2010) and this may be the means 
that Australian fur seals are first exposed to Brucella. Although seal strains of Brucella have 
not yet been isolated from marine fish, recently B. melitensis, an important pathogen of humans 
and goats, was recently isolated from freshwater fish in Egypt (El-Tras et al., 2010).  
 
Although many pinniped populations have been surveyed for Brucella antibodies, no previous 
studies have stratified and analysed data temporally. Antibody prevalence to Brucella in adult 
females from Kanowna Island showed significant variation between 2003 and 2009. Factors 
that control antibody prevalence include the longevity of antibodies in individuals following a 
single exposure event, the ability of the bacteria to establish chronic infection and the 
frequency of the individual’s repeated exposures to the bacteria. In terrestrial animals, Brucella 
antibody longevity in the absence of chronic infection or repeated exposure is around one to 
two years (Glynn and Lynn, 2008). Longitudinal data was only available from one individual 
in the present study and this adult female showed a serostatus change from positive to negative 
over six years. This suggests that antibodies elicited by Brucella exposure in Australian fur 
seals do not have an extended longevity and that this animal had not repeatedly been exposed 
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to infection. However, the finding that older adult females were not more likely to be 
seronegative suggests that exposure to Brucella may occur at any life-stage post-weaning. This 
may be by maintenance of infection within the population (endemic disease) or repeated 
exposure to an infection source.  
 
If antibody prevalence in the population is maintained by repeated exposure to Brucella in 
some prey species then environmental factors affecting prey densities could influence exposure 
frequency to the seals. In northern Bass Strait, inter-annual fluctuations in sea-surface 
temperature have been correlated with broad fluctuations in the prey composition of Australian 
fur seals (Kirkwood et al., 2008). The increase in Brucella prevalence between 2003 and 2005 
corresponded with a protracted period of cooler than average surface waters and higher than 
average proportions of the fish redbait (Emmelichthys nitidus) in the diet of Australian fur seals 
in northern Bass Strait. Future studies to isolate the source of Brucella infection for Australian 
fur seals should consider investigating infection in selected prey species. 
 
The finding of a relationship between the likelihood of being pregnant and a positive antibody 
status in Australian fur seal is not consistent with findings in many terrestrial species where 
seropositive individuals have a higher rate of infertility than seronegative individuals (Glynn 
and Lynn, 2008; Rhyan et al., 2009; Neta et al., 2010). Infertility in terrestrial species is due to 
chronic infection with Brucella and a positive serological status is positively correlated with 
the likelihood of isolating the pathogen from an individual (Roffe et al., 1999). The infection 
status for Australian fur seal females sampled in the present study is unknown and, therefore, 
interpretation of the relationship between pregnancy and antibody status requires further 
investigations. 
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Gestational failure in fur seals is believed to be a physiological outcome related to inter-annual 
variation in food availability (Guinet et al., 1998; Gibbens and Arnould, 2009b). The finding of 
inflammatory lesions on histological examination of foetal tissues in the present study suggests 
that infectious agents are likely involved in some instances of gestational failure. Suppurative 
lesions consistent with Brucella or other bacterial infection (Anderson et al., 1986; Neta et al., 
2010) were seen in four individuals; one fetus had placentitis, two had pericarditis and the 
fourth, lymphadenitis. However, the diffuse, interstitial pneumonia with a mononuclear 
infiltrate seen in six individuals is not typical for Brucella where suppurative pleuritis and 
bronchointerstitial pneumonia would be expected to be the predominant lesions (Neta et al., 
2010). In addition, the failure to isolate or detect Brucella spp. by molecular means from foetal 
tissues does not support the involvement of this pathogen in the aborted foetuses examined. 
While the present study is suggestive that disease pathogens may be involved in gestational 
failure, further identification of the pathogens is required to ascertain if they are primary or 
secondary causal factors.  
 
The failure to isolate Brucella or detect infection using PCR from tissues, milk, gastrointestinal 
system swabs or lungworm suggests that the proportion of infected Australian fur seals is low, 
despite the high prevalence of antibody-positive animals. A limitation to this aspect of the 
study was the predominant use of frozen tissues for culture which would be expected to reduce 
the number of viable organisms in samples. In addition, fresh tissues were cultured only on 
Farrell’s medium for Brucella investigation and some marine mammal isolates grow poorly 
and slowly or not at all on this substrate (Foster et al., 2002). However, the factors that limited 
culture success would not affect the ability of PCR to detect organisms if present in the tissues 
examined. Tissues chosen for Brucella investigation were based upon those found to most 
commonly produce isolates in Northern Hemisphere phocid seals (Garner et al., 1997; Foster et 
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al., 2002; Prenger-Berninghoff et al., 2008) and it is possible that sites of infection are different 
for otariid seals. Furthermore, if the proportion of animals harboring infection is low in 
comparison to those with antibodies, then the numbers of animals, tissues, swabs and 
lungworms examined may well have been inadequate to detect a single infected animal. The 
prevalence of infected animals in other pinniped species is mostly unknown although in one 
study isolates were made from 3% (1/34) of grey seals (Halichoerus grypus) and 11% (47/426) 
of harbor seals (Prenger-Berninghoff et al., 2008). 
 
In conclusion, this study indicates that the FPA test is probably the most suitable assay for use 
in serological surveys for Brucella but that cELISAs are adequate for this purpose. In addition 
the study found that the prevalence of Brucella antibodies varies between age classes in 
Australian fur seals and that individuals are probably not exposed to infection until post-
weaning. No conclusive evidence that Brucella causes gestational failure in Australian fur seals 
was established, but it is likely that infectious agents are involved in some cases of abortion. 
Although the overall prevalence of Brucella antibodies in juveniles and adults has been 
estimated by this study to be 37% and 57% respectively for the years 2007-2009, the 
prevalence of active infection in Australian fur seals is probably quite low. No conclusive 
evidence that Brucella causes gestational failure in Australian fur seals was established, but it 
is likely that infectious agents are involved in some cases of abortion. 
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ABSTRACT 
Bacteria from the genus Mycoplasma are common inhabitants of the respiratory, 
gastrointestinal, and genital tracts of mammals. The understanding of the pathological 
significance of mycoplasmas in seals is poor, as few studies have utilized the specific culture 
techniques required to isolate these bacteria. The current study surveyed for the Mycoplasma 
species present in Australian fur seals (Arctocephalus pusillus doriferus) and investigated the 
association between infection and pathology. Mycoplasmas were found in the nasal cavities of 
55/80 (69%) of apparently healthy individuals. Isolates from 18 individuals were investigated 
through 16S rRNA sequencing, and 3 species were identified: M. zalophi, M. phocae and 
Mycoplasma sp.-GenBank Ref. EU714238.1, all of which had previously been isolated from 
Northern Hemisphere pinnipeds. In addition, mycoplasmas were isolated from the lungs of 
4/16 juveniles and 1/5 adults sampled at necropsy. Isolates obtained were M. zalophi, 
Mycoplasma sp.-GenBank Ref. EU714238.1 and M. phocicerebrale, but infection was not 
associated with lung pathology in these age classes. Inflammatory disease processes of the 
heart and/or lungs were present in 12/32 (38%) aborted foetuses on microscopic examination. 
Predominant findings were interstitial pneumonia, pericardititis, and myocarditis. Mycoplasma 
phocicerebrale was isolated from the thymus of an aborted foetus, and 3/11 (27%) of foetuses 
with inflammatory heart or lung lesions were PCR-positive for Mycoplasma. In conclusion, 
several species of Mycoplasma are part of the normal flora of the nasal cavity of Australian fur 
seals, and some mycoplasmas may be associated with abortion in this species of seal. 
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INTRODUCTION 
Bacteria from the genus Mycoplasma are the smallest of all self-replicating organisms and are 
wildly distributed in the animal kingdom (Pitcher and Nicholas, 2005). The customary habitats 
of mycoplasmas in their host species are the surfaces of mucous membranes, and, accordingly, 
they are commonly isolated from the respiratory, gastrointestinal, and genital tracts (Razin et 
al., 1998). Although often found in apparently healthy animals, mycoplasmas are recognized as 
pathogens in a wide range of vertebrate species (Brown et al., 2005; States et al., 2009; 
Wendland et al., 2010) where they most commonly cause disease of the respiratory tract and 
joints (Chandler and Lappin, 2002; Pitcher and Nicholas, 2005). Other syndromes that are 
sometimes caused by mycoplasma infection include genital tract inflammation, infertility, and 
spontaneous abortions (Hum et al., 2000; Taylor-Robinson, 2007) .  
 
The ubiquitous nature of mycoplasmas means that the clinical relevance of their isolation from 
individuals without observable pathology is sometimes unclear. For some known primary 
pathogens, such as M. pneumoniae in humans and M. mycoides mycoides in goats, isolation 
even from apparently healthy animals has significance, as infected animals may develop 
disease themselves or act as a source of infection for others. The pathological potential of many 
mycoplasmas found in wildlife species is poorly understood apart from some notable 
exceptions, such as the substantial mortalities of North American house finches (Carpodacus 
mexicanus) caused by M. gallisepticum (States et al., 2009). For many mycoplasmas, the 
ability to cause disease is influenced by variations in host susceptibility and co-infections. A 
reduction in the immune competence of the host can increase susceptibility to disease caused 
by mycoplasmas (Baseman and Tully, 1997). Also, the role of mycoplasmas in polymicrobial 
infections, either as initiating or secondary agents, is well recognized (Stacey and Bradlow, 
1999; Gulbahar and Gurturk, 2002). Therefore, in wildlife species, the absence of obvious 
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pathology in the individual from which a Mycoplasma sp. is isolated cannot be used as the sole 
criterion to discount the clinical relevance of the isolation. Assessing the importance of an 
isolate must include detailed examination of epidemiological factors and specific diagnostic 
criteria as to the potential impacts of the Mycoplasma sp. in question.  
 
Knowledge of the Mycoplasma spp. present in most wildlife species is poor, as the bacteria’s 
small size and fastidious nature requires specific culture techniques for reliable isolation 
(Baseman and Tully, 1997). In pinnipeds, for instance, isolation has been largely limited to a 
few situations where pathologic lesions of the respiratory tract or joints suggested mycoplasma 
infection and which was confirmed upon analysis. In 1980, more than 400 harbor seals (Phoca 
vitulina) on the New England coast of North America died of acute pneumonia caused by co-
infection with an influenza virus and a novel Mycoplasma sp., M. phocae (originally described 
as M. phocidae) (Geraci et al., 1982; Ruhnke and Madoff, 1992). It was suggested that 
pathology in seals that were infected with both agents was much more severe than the 
pathology in individuals infected with the influenza virus alone. Two other novel mycoplasma 
species, M. phocicerebrale (formerly M. phocacerebrale) and M. phocirhinis, were isolated 
from harbor seals that died during a 1988 phocine distemper virus (PDV) epizootic in the North 
and the Baltic seas (Giebel et al., 1991). The detection of the Mycoplasma species in 
pathologically altered organs (Giebel et al., 1991) and their observed cytotoxic capacity in-
vitro (Stadtlander et al., 1989) suggested that they may have acted as secondary invaders in 
seals infected by PDV and exacerbated that disease. The role of mycoplasmas as either primary 
or significant secondary pathogens was unclear in both the 1980 influenza and 1988 PDV 
epidemics.  
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In contrast to the potential co-infection role of mycoplasmas in harbour seals, M. zalophi, a 
novel species isolated from Californian sea lions (Zalophus californianus), appears capable of 
acting as a primary pathogen (Haulena et al., 2006). Infection with this organism was 
recognized as the cause of death at a rehabilitation facility of four Californian sea lions that 
were suffering from both severe pneumonia and pleuritis or septicaemia that was secondary to 
septic polyarthritis. In other individuals in the same facility, M. zalophi was grown from 
subdermal and muscle abscesses, septic joints, and lymph nodes. 
 
In addition to being potential pathogens of the pinnipeds themselves, mycoplasmas resident in 
pinnipeds may be passed to humans through bites or the handling of infected seal tissues. In 
particular, M. phocicerebrale is recognized as the likely cause of “seal finger” in humans, a 
painful condition characterized by severe cellulitis with, in some cases, joint involvement 
(Baker et al., 1998; White and Jewer, 2009). 
 
The Australian fur seal (Arctocephalus pusillus doriferus) is an Australian endemic otariid (fur 
seals and sea lions) species. Australian fur seals were heavily exploited by colonial-era 
commercial sealing operations, and the subsequent recovery of their population numbers has 
been slow compared to other, similarly exploited fur seal species (Warneke and Shaughnessy, 
1985; Kirkwood et al., 2010). Low fecundity resulting from a high incidence of spontaneous 
abortions in the second half of gestation is a major contributory factor to the slow population 
growth in the Australian fur seal (Gibbens et al., 2010). Currently, little is known regarding the 
pathogens present in Australian fur seals and their possible involvement in gestational failure. 
Moreover, no investigations of mycoplasmas have been conducted in any Southern 
Hemisphere pinnipeds. The aims of the current study, therefore, were to survey Australian fur 
seals for mycoplasmas, and, if present, investigate if infection is associated with disease. 
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MATERIALS AND METHODS 
Animals 
Nasal swabs were collected from Australian fur seals from three island breeding colonies 
located in northern Bass Strait, south-eastern Australia. In June 2007, 47 individuals (32 pups, 
six juveniles and nine adults) were sampled on Kanowna Island (39o10´S, 146o18´E). In 
October 2009, 12 individuals (10 juveniles and two adults) were sampled at Lady Julia Percy 
Island (38o42´S, 142o00´E). A further 15 individuals (13 juveniles and two adults) were 
sampled at this site in February 2010, and, in July 2010, six juvenile seals were sampled at Seal 
Rocks (38o30´S, 145o10´E). Sampling for this project was conducted concurrently with other 
research studies to limit disturbance to the colonies. 
  
All animals were selected at random and captured with a large hoop net (Research Nets Inc, 
WA, USA and Fuhrman Diversified Inc. TX.). Swabbing of the nasal cavity was performed 
either under manual restraint or while under anesthesia. For the latter, a facemask was placed 
over the nose and mouth, and anaesthesia was induced by 5% isoflurane (100% vol./vol. 
Forthane, Abbott Australia Pty, Ltd. NSW, Australia) delivered in a closed circuit (Stinger, 
Advanced Anaesthesia Specialists, North Ryde, Australia). Swabs were immediately placed 
into mycoplasma broth containing 20% porcine serum (Hayflick, 1965) and stored at ambient 
temperature (5-15oC) for up to 14 days before processing.  
 
Juvenile and adult Australian fur seals found dead and dying along the Victorian coastline 
between 2007 and 2010 were collected for post mortem examination. Tissue samples were 
taken from the adrenal gland, brain, eye, heart, intestine, kidney, liver, lung, lymph nodes 
(axillary and mediastinal), spleen, and stomach and preserved in neutral-buffered, 10% 
formalin solution. In addition, swabs of lung tissue as well as pooled lymph node tissues from 
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some animals were inoculated into mycoplasma broths. Aborted Australian fur seal foetuses 
were collected between 2007 and 2010 during field operations at all three breeding colonies. 
If available, as seabirds had scavenged on some tissues prior to collection, the same set of 
tissues samples as for the older age classes along with tissues from the pharynx, placenta, and 
thymus were collected and stored in formalin fixative solution. Unfixed samples of body fat, 
liver, lung, placenta, and spleen were held frozen. Microbiological swabs from fresh, unfixed 
lung or thymus were collected into mycoplasma broth from some individuals and held at 
ambient temperature (5-15oC) for up to 5 days prior to processing.  
 
Formalin-fixed tissues were embedded in paraffin wax, sectioned at 5µm, and stained with 
hematoxylin and eosin for histological examination. Frozen tissues from both foetuses and 
older age classes were routinely cultured on serum dextrose and horse blood agar plates and 
also underwent specific microbiological and molecular investigations for Brucella spp.  
 
Mycoplasma cultivation and identification 
Broths of nasal swabs were incubated at 37oC for three days then cultured onto mycoplasma 
agar and incubated at 37oC in 5% carbon dioxide. Plates were examined weekly and resultant 
colonies examined under light microscopy. Individual colonies were selected for cloning and 
placed into mycoplasma broth for incubation and subculture. The process was repeated two 
more times, and the final selected colony was incubated for a further three days in mycoplasma 
broth prior to DNA extraction. The majority of inoculated broths collected from seals at post 
mortem were processed as for nasal swabs. A small number, however, were frozen prior to 
further processing after an initial incubation. The basic biochemical profile of the isolates was 
determined by applying tests for glucose fermentation, arginine and casein hydrolysis and 
tetrazolium chloride reduction, phosphatase production, and formation of film and spots 
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(Aluotto et al., 1970) using Mycoplasma reference strains (Department of Comparative 
Pathobiology, Purdue University, IN.). 
 
A sample of broth containing live mycoplasmas was spun at 14,000 RCF for three minutes to 
separate organisms from supernatant. The DNA was extracted from the organisms using the 
QIAamp DNA Mini Kit (Kit #51304 Qiagen, Australia) as per the manufacturer’s method. 
Polymerase chain reaction (PCR) was used to amplify almost complete sequences of the 16S 
ribosomal RNA gene, as described by Cai et al. (2003) and the resulting PCR products were 
purified using a Qiagen QIAquick Gel Extraction Kit (Kit #28704 Qiagen, Australia). Primers 
used in the PCR reaction were BSF8/20 and BSR1541/20. The nucleotides of the 16SrRNA 
gene were determined by direct sequencing of the PCR product with 6 primers, as described by 
Cai et al. (2003). Sequencing was performed in an ABI 3130XL Genetic Analyzer (Applied 
Biosystems, Carlsbad, CA) using a BigDyeTerminator V3.1 cycle sequencing kit (Applied 
Biosystems, Carlsbad, CA). Each of 6 sequences determined were analyzed and aligned using 
the SeqMan Pro module of the Lasergene ver. 8.0.2 software package (DNASTAR Inc., 
Madison, WI.). The sequence was used as a query using the Basic Local Alignment Tool 
Search (BLAST) 2.2.23 (Altschul et al., 1997) to obtain a preliminary species identification. 
Frozen lung samples from some foetuses were tested for the presence of mycoplasmas using a 
genus-specific PCR, (Vankuppeveld et al., 1994) which amplifies a 280-bp fragment of the 16S 
ribosomal RNA gene using the primers GPO3 and MGSO (Super Taq polymerase, HT 
Biotechnology, Cambridge, England).  
 
RESULTS 
Mycoplasma spp. were isolated from 55/80 (69%) nasal swabs collected from Australian fur 
seals (Table 4.1). Nine of the isolates from Kanowna Island (all pups), 5 from Lady Julia Percy 
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Island (all juveniles), and four from Seal Rocks (all juveniles) were preliminarily identified by 
16S sequencing and BLAST searching. Of these 18 isolates, 10 were most closely matched 
(≥98%) to M. zalophi, 5 to M. phocae (99% matched to BLAST sequence) and three to an 
unnamed Mycoplasma sp. (99% matched) previously isolated from Californian sea lions (16S 
rRNA nucleotide sequence GenBank Ref. EU714238.1).  
 
Isolation of mycoplasmas occurred from 5/22 (23%) lung swabs collected from pups (0/1), 
juveniles (4/16) and adults (1/5) examined at necropsy. Four of the lung isolates were 
sequenced, and three were identified through 16S sequencing as the same unnamed 
Mycoplasma sp. (GenBank Ref. EU714238.1) that was found in nasal swabs. The remaining 
isolate collected from the lung of an adult female was identified as M. phocicerebrale (Table 
4.2). Three juveniles and one adult had pooled axillary and mediastinal lymph node samples 
specifically cultured for mycoplasma. All three juveniles were lung mycoplasma-positive 
individuals, and all also had mycoplasmas isolated from their lymph nodes. In one of these 
seals, two Mycoplasma spp. were isolated from pooled lymph nodes, these being the unnamed 
Mycoplasma sp. (Ref. EU714238.1) and M. zalophi. One of the remaining two juveniles that 
were both lung and lymph node mycoplasma-positive had 16S sequencing performed on the 
lymph node isolate. The isolate was identified as M. phocicerebrale. The biochemical profiles 
test results for all Mycoplasma spp. isolated in the current study are shown in Table 4.3. 
 
Microscopically, none of the lung sections from mycoplasma-positive juveniles and adults had 
evidence of pneumonia. Tracheal tissue was examined from 12 seals; 8 juveniles and 4 adults.  
 
 
 
  Chapter 4 
95 
 
 
 
 
Table 4.1: Mycoplasmas in Australian fur seals: numbers of seals sampled from the nasal 
cavity and isolates made from this site between 2007 and 2010.*  
 
 
Location 
 
Age Groups Identification
†
 and Number of 
Isolates‡  
Pups Juveniles Adults 
Kanowna Island 30/32 5/6 5/9 
Mycoplasma zalophi (2) 
Mycoplasma phocae (4) 
Mycoplasma sp. (3) 
Lady Julia Percy  10/23 1/4 Mycoplasma zalophi (4) Mycoplasma phocae (1) 
Seal Rocks  4/6  Mycoplasma zalophi (4) 
 
*The unnamed Mycoplasma sp. most closely matched Basic Local Alignment Search Tool 
(BLAST) GenBank Ref. EU714238.1. 
†From 16S sequencing 
‡ Numbers of isolates are between parentheses  
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Table 4.2: Mycoplasmas in Australian fur seals: numbers of tissues sampled and isolates made 
between 2007 and 2010.*  
 
 
   Tissues 
 
Age Groups Identification† and 
Number of Isolates‡ 
Pups Juveniles Adults 
Lung 0/1 4/16 1/5 
 
Mycoplasma 
phocicerebrale (1) 
Mycoplasma sp. (3) 
Lymph 
Nodes  3/3 0/1 
 
Mycoplasma zalophi (1) 
Mycoplasma sp. (1) 
Mycoplasma 
phocicerebrale (1) 
 
*The unnamed Mycoplasma sp. most closely matched Basic Local Alignment Search Tool 
(BLAST) GenBank Ref. EU714238.1. 
†From 16S sequencing 
‡ Numbers of isolates are between parentheses  
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Table 4.3: Mycoplasmas in Australian fur seals: biochemical profiles for Mycoplasma spp. isolated between 2007 and 2010.*  
 
Mycoplasma sp. Isolate 
Biochemical Profile 
Glucose Arginine Phosphatase Tetrazolium Chloride Casein Digestion Film and Spots 
Mycoplasma zalophi 
  Field 
  Reference 
 
- 
- 
 
+ 
+ 
 
- 
- 
 
+ 
+ 
 
- 
- 
 
- 
+ 
Mycoplasma sp. 
  Field 
 
+ 
 
- 
 
- 
 
- 
 
+ 
 
- 
Mycoplasma phocicerebrale 
  Field 
  Reference 
 
- 
- 
 
+ 
+ 
 
- 
- 
 
- 
- 
 
- 
- 
 
+ 
- 
Mycoplasma phocae 
  Field 
  Reference 
 
- 
- 
 
+ 
+ 
 
+ 
+ 
 
- 
- 
 
- 
- 
 
- 
+ 
Mycoplasma phocarhinis 
  Reference 
 
- 
 
- 
 
- 
 
+ 
 
- 
 
+ 
*Reference strains obtained from the Department of Comparative Pathobiology, Purdue University, IN.  
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Lymphocytic and plasmacytic tracheitis was detected in 4 (3 juveniles and 1 adult) of these 
individuals. Three of the 4 seals with this lesion were positive for mycoplasma on lung culture. 
Microscopic findings on aborted foetuses examined in the current study have been described in 
Chapter 3. Briefly, 12/32 (38%) foetuses had pneumonia and/or either myocarditis or 
pericarditis. Five foetuses had both cardiac and pulmonary inflammatory disease processes, 4 
only lung lesions and 3 only cardiac. Pneumonic lesions, observed in 6/32 (19%) foetuses, 
were characterized by perivascular collections of lymphocytes and plasma cells and interstitial 
edema. Suppurative bronchiolitis with accumulation of neutrophils and macrophages within the 
terminal airways was also observed and this varied in its severity between affected foetuses 
(Figures 4.1 and 4.2). An additional 2 individuals had inflammatory foci within the lung; one 
of these individuals had peribronchial infiltrates of lymphocytes and the other necrotic foci 
(neutrophils and macrophages) of the epithelial surfaces of the bronchioles. Myocarditis or 
pericarditis was noted in 8/32 (25%) of foetuses and three of these individuals also displayed 
pneumonia. Three of the 8 individuals with cardiac lesions exhibited pericarditis, characterized 
by infiltrates of lymphocytes and neutrophils. In the remaining five individuals, there was 
perivascular neutrophilic myocarditis/epicarditis (Figure 4.3). One foetus with severe 
pneumonia and significant myocarditis also had lymphoplasmacytic phlebitis of hepatic vessels 
and mild, diffuse, meningitis characterized by lymphocyte accumulation (Figure 4.4). No 
inclusion bodies were noted in any of the tissue sections. 
 
Fresh tissue from 4 foetuses was cultured for mycoplasmas; 3 individuals had the lung sampled 
and 1 the thymus. No mycoplasmas were isolated from the lung swabs, and none of these 
individuals displayed significant microscopic findings. Mycoplasma phocicerebrale was 
isolated from the thymus of the remaining individual. No significant microscopic findings were 
noted in this individual’s thymus, pharynx, eye, and brain; no other tissues were available for  
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Figure 4.1: Lung. Australian fur seal foetus. Large numbers of neutrophils and macrophages 
obscure the bronchioles and extend into the adjacent alveolar sacs. The connective tissues 
within the interlobular septae are loosely arranged and expanded. Occasional plasma cells and 
lymphocytes expand the perivascular connective tissues, the lymphatic vessels are mildly 
ectatic, and the blood vessels are engorged. H&E. Bar = 500 µm 
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Figure 4.2: Lung. Australian fur seal foetus. Higher magnification of Figure 1 above. Large 
numbers of neutrophils and macrophages severely obscure the bronchioles and adjacent 
alveolar sacs. H&E. Bar = 200 µm 
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Figure 4.3: Heart. Australian fur seal foetus. Myocardial, perivascular infiltrate consisting 
predominantly of neutrophils and mononuclear cells. (H&E). Bar = 200 µm 
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Figure 4.4: Brain. Australian fur seal foetus. Mild, diffuse meningitis characterized by 
lymphocyte accumulation. (H&E). Bar = 500 µm 
 
 
 
 
  
Chapter 4   
104 
 
examination. Frozen lung samples from 22 foetuses (11 with and 11 without lesions) were 
tested for the presence of mycoplasmas by the genus-specific PCR. These individuals were 
additional to the 4 foetuses that had fresh tissues cultured for mycoplasmas. Four animals were 
positive for mycoplasma and 3 of these individuals had inflammatory lesions. Of the 18 PCR-
negative animals, 8 had inflammatory lesions. Sequences obtained from the foetal lung PCR 
products were used as queries in a BLAST search. The sequence from the foetus that showed 
no significant histological lesions had a 98% match with an unnamed Mycoplasma sp. 
previously isolated from the conjunctiva of a California sea lion (Ref EU859984.1). One foetus 
with inflammatory lesions had a sequence 99% matched to M. phocae, and the remaining two 
individuals had products with only a 94% match to an unnamed Mycoplasma sp. (Ref 
FJ876266.1) isolated from the reproductive tract of a harbour porpoise (Phocoena phocoena). 
 
DISCUSSION 
The present study reports on the isolation of mycoplasmas from adults, juveniles and aborted 
foetuses from a Southern Hemisphere pinniped species. The 3 Mycoplasma spp. isolated from 
nasal swabs of apparently healthy Australian fur seals (M. phocae, M. zalophi and Mycoplasma 
sp.- Ref. EU714238.1) have all been previously found in either harbour seals or California sea 
lions (Ruhnke and Madoff, 1992; Haulena et al., 2006). A fourth species, M. phocicerebrale, 
found in the thymus of an aborted pup and in older aged seals, has also been isolated from 
harbour seals and previously reported as the cause of the zoonotic disease, “seal finger” (Giebel 
et al., 1991; Baker et al., 1998). The sequencing and biochemical test results from isolates 
made from Australian fur seals suggest that they represent the same Mycoplasma spp. found in 
Northern Hemisphere pinnipeds.  
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The current study extensively surveyed apparently healthy seals for mycoplasmas. The 
isolation of these bacteria from the nasal cavities of 72% of individuals indicates that 
mycoplasmas are common inhabitants of the upper respiratory tract of Australian fur seals. In 
domestic cats and dogs, mycoplasmas are part of the normal flora of the pharynx, larynx, oral, 
and nasal cavities (Chandler and Lappin, 2002). Their presence in the lower airways (trachea 
and lungs) is usually considered pathologically significant though, as Mycoplasma-positive 
animals have a higher rate of pulmonary disease compared to negative individuals (Chandler 
and Lappin, 2002; Chalker, 2005). Whether the isolation of mycoplasmas from the lungs of 
juvenile and adult Australian fur seals at post mortem was of pathological significance remains 
unclear, however, as it did not appear to be associated with pneumonic lesions. Tracheitis was 
present in some individuals, but it is unknown if this was associated with mycoplasmas, as this 
site was not directly swabbed in the current study. Further investigations are required to 
establish if mycoplasmas are associated with pulmonary diseases in Australian fur seals, either 
acting as primary pathogens or co-infective agents. 
 
Mycoplasma infections could be associated with abortion in Australian fur seals. Infections 
with mycoplasmas and the closely related ureaplasmas can result in abortion in several other 
mammals, either through spreading to the foetus from genital tract infections or by 
transplacental transfer following circulation of the organism through the mother’s blood stream 
(Stone et al., 1969; Taylor-Robinson, 2007). In humans, the risk of late term abortion is 
increased in women with cervicovaginal M. genitalium or M. hominus infections (Bayraktar et 
al., 2010; Hitti et al., 2010). Mycoplasmas can cause abortion in domestic cattle following 
transplacental transfer. Microscopic findings in aborted bovine foetuses, are characterized by 
suppurative bronchopneumonia and myocarditis with mixed collections of neutrophils and 
macrophages and perivascular infiltrates of plasma cells and lymphocytes (Stone et al., 1969; 
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Hum et al., 2000). Histological lesions in aborted caprine foetuses resulting from infection with 
M. mycoides mycoides were confined to the lung (Rodríguez et al., 1995). They consisted of 
patchy to diffuse pneumonia with the most prominent lesions in the broncho-alveolar areas. 
Alveolar macrophages, scattered neutrophils, and lymphocytes were observed in the terminal 
airways and perivascular lymphocytic infiltrates were present. Histological lesions observed in 
the aborted Australian fur seal foetuses in the current study were consistent with those reported 
for cattle and goats infected with mycoplasmas. 
 
In Australian fur seals, the isolation of M. phocicerebrale from a foetal thymus, the 
demonstration of mycoplasmas in foetal lung by PCR, and the presence of inflammatory 
histological lesions consistent with Mycoplasma infection suggest that these bacteria can 
potentially cause gestational failure in pinnipeds. Normal foetal tissues are a sterile 
environment so the isolation of bacteria indicates either infection or post mortem invasion. Post 
mortem invasion, however, is not associated with the formation of histological lesions, whereas 
significant pathology characterized by interstitial pneumonia and inflammatory lesions in the 
heart was present in the Australian fur seal foetuses. In addition Mycoplasma spp. are highly 
unlikely to be post mortem invaders due to their fastidious growth requirements (Baseman and 
Tully, 1997). Thus, in utero infection with mycoplasma appears to be associated with the 
mortality of at least some Australian fur seal foetuses.  
 
Australian fur seals exhibit a low fecundity compared to other fur seals, probably largely due to 
their relatively high rates of abortion (up to 37%) in the second half of gestation (Gibbens et 
al., 2010). Rates of gestational failure have been estimated in only a few pinniped species. 
Annually, up to 20% of Californian sea lion pups on San Miguel Island, California, are either 
aborted or born prematurely and die soon after (Gilmartin et al., 1976). Multiple aetiologies 
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have been suggested for this scenario, including interrelationships between disease agents and 
environmental contaminants (Gilmartin et al., 1976), ingestion of toxic algae and bacterial 
infections (Smith et al., 1974; Goldstein et al., 2009). In the Cape fur seal (A. p. pusillus) a 
gestational failure rate of 21% was measured between 1988 and 1991 but the relative 
contributions of failure of embryonic implantation and late-term spontaneous abortions to this 
figure were not established (Guinet et al., 1998). In both Cape and Australian fur seals, 
nutritional factors probably influence annual variations in abortion rates as fewer pups are 
produced in years when females have a lower mean body condition index (Guinet et al., 1998; 
Gibbens and Arnould, 2009). Although the present study suggests that Mycoplasma spp. are 
involved in some instances of abortion in Australian fur seals, the contribution of additional 
potential predisposing factors is unknown. Whether co-infections or the pregnant female’s age, 
nutritional status, toxin load, and immune competency are involved in mycoplasma-induced 
abortion is yet to be established. The incidence of Mycoplasma-induced abortion may also vary 
temporally. As evidence for this, most foetuses (9/14 cases) showing histological lesions were 
collected on a single visit to Seal Rocks in September 2009.  
 
Future studies could be directed at whether mycoplasmas can be recovered from the Australian 
fur seal female’s genital tract and if this is a risk factor for gestational failure. In addition, the 
attempted isolation of mycoplasmas from multiple sites within foetuses and increasing the 
number of individuals examined would assist in clarifying the importance of this pathogen to 
Australian fur seals. The possibility that the rate of mycoplasma-induced abortion varies 
between years also requires further investigation. 
 
In conclusion, the current study presented evidence that Mycoplasma spp. are common 
inhabitants of the nasal cavity of Australian fur seals and also can be recovered from the lower 
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respiratory tract of juveniles and adults. Their pathological significance in these age classes is 
unclear and warrants further investigation. The isolation of the causative agent for “seal finger” 
from Australian fur seals should be noted for its zoonotic potential and appropriate care taken 
when handling seals or their tissues. The study also concluded that mycoplasmas could 
potentially cause abortion in Australian fur seals and their role in the substantial rate of 
gestational failure observed in this species should be further explored. 
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CHAPTER 5 
 
 PREVALENCE AND SIGNIFICANCE OF AN ALOPECIA SYNDROME  
IN AUSTRALIAN FUR SEALS 
 
 
 
 
A version of this chapter has been published. The citation is: 
 
Lynch, M., R. Kirkwood, A. Mitchell, P. Duignan, and J.P.Y. Arnould. 2011. Prevalence and 
significance of an alopecia syndrome in Australian fur seals (Arctocephalus pusillus 
doriferus). Journal of Mammalogy. 92:342-351. 
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ABSTRACT 
Endothermic mammals in cold environments have a range of adaptations enabling them to 
maintain a constant core body temperature. Of critical importance to many is a thick hair coat 
that retains air and so acts as a barrier to minimize heat exchange between the skin and ambient 
environment. Disruption to the pelage can increase costs of maintaining body temperature and 
compromise survival of the individual. Fur seals rely on a pelage of dense, dry underfur 
protected by guard hairs for insulation in the aquatic environment. Since 1989 a potentially 
serious alopecia (hair loss) syndrome has been recognized in Australian fur seals. Between 
September 2007 and February 2010 we investigated the prevalence and potential impacts of the 
condition. The syndrome manifests as bilaterally symmetrical alopecia, which occurs 
predominantly in juveniles and has a strong sex bias (51 of 55 juveniles captured for 
examination were female). It also occurs in adult females but has never been seen on post-
pubescent males. Prevalence of alopecia was highest at the large Lady Julia Percy Island 
colony (approximately 30,000 seals) in north-western Bass Strait where it has a distinct 
seasonal pattern of prevalence, peaking in spring and summer with up to 50% of juvenile 
females affected. Thermal images indicated alopecic and non-alopecic areas of the dorsal 
thorax had a mean difference of 6.6°C, and affected animals were in significantly (P <0.001) 
poorer body condition than unaffected animals.  
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INTRODUCTION 
The maintenance of a core body temperature within a narrow range is essential for the survival 
of endothermic mammals and is particularly challenging for species inhabiting cold climates 
and those that move between terrestrial and aquatic environments, as water conducts heat 25 
times more efficiently than air (Nadel, 1984). To maintain a constant core body temperature 
semi-aquatic species generally need to reduce heat loss when in the water and also heat stress 
when on land. They achieve this through a range of physiological and behavioural adaptations. 
One means of temperature regulation among pinnipeds (Pinnipedia) is body hair. Seal hair 
grows in defined bundles, each consisting of a single, stiff, flattened guard hair with a variable 
number of finer, underfur hairs (Harrison and King, 1980). Phocid seals (Phocidae) and sea 
lions (Otariidae) have only 2-5 underfur hairs per bundle and rely on a thick layer of blubber to 
insulate the body core (Harrison and King, 1980). In contrast, fur seals (Otariidae) possess 35-
40 underfur hairs per bundle (Scheffer, 1962). Heat loss by fur seals in the aquatic environment 
is primarily limited by this very dense hair coat (Pabst et al., 1999). The dense underfur 
maintains trapped air while the animal is submerged, thereby keeping the skin dry and 
maintaining its insulating properties; guard hairs function to protect the skin and underfur from 
abrasion (Pabst et al., 1999). Fur seals rely on their pelage for reducing the high 
thermoregulatory cost of maintaining a constant core temperature in the aquatic environment 
(Beauplet et al., 2003), so its damage or loss would increase energy expenditure. The resulting 
energy demands on animals when the primary means of insulation is compromised could have 
a significant impact on the health and survival of affected individuals.  
 
Abnormalities of the hair coat of captive and free-ranging pinnipeds have been associated with 
viral, bacterial, fungal, and parasitic agents (Daily, 2001; Dunn et al., 2001). Infections with 
poxviruses, for example, typically produce crusting, cutaneous lesions (Hadlow et al. 1980; 
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Stack et al. 1993; Simpson et al. 1994; Nettleton et al. 1995), and calcivirus-associated disease 
usually produces skin vesicles and superficial ulceration, characteristically of the flippers 
(Smith and Boyt, 1990; Stack et al., 1993). Both of these viruses occasionally occur as 
epidemics in free-ranging populations (Smith and Boyt, 1990; Simpson et al., 1994). Bacterial 
infections of marine mammal skin often manifest as cutaneous or subcutaneous abscesses and 
are usually of sporadic, secondary to viral, parasitic, or traumatic insult (Dunn et al., 2001). 
Similarly, fungal skin infections in pinnipeds appear to be sporadic events often associated 
with animals that are compromised by predisposing illness or suboptimal captive environments 
(Montali et al., 1981; Guillot et al., 1998). External parasites such as lice or mites commonly 
infect seals but are not reported to cause a high prevalence of hair loss in free-ranging 
populations (Dailey and Nutting 1980; Thompson et al. 1998; Daily 2001).  
 
A syndrome characterized by patchy hair loss, distributed irregularly over the body, was 
evident in northern fur seals (Callorhinus ursinus) collected for the skin trade between 1940 
and 1959 on the Pribilof Islands of Alaska (Scheffer, 1962) and still is noted occasionally in 
this population (John Gibbens, University of British Colombia, pers. comm.), although never 
seen at a high prevalence. Occasional cases are evident in all age classes and both sexes. In 
Antarctic fur seals (Arctocephalus gazella) a condition of similar appearance was seen 
occasionally in adult females during the 1960s, most frequently on the rump or crown of the 
head but, in severe cases, covering nearly the entire dorsal surface of the animal (Bonner, 
1968). This condition, referred to as `rub’, also had been seen frequently by a company 
involved in the Cape fur seal (A. pusillus pusillus) skin trade (Bonner 1968). Juvenile and 
subadult, free-ranging, northern elephant seals (Mirounga angustirostris) also exhibit a skin 
condition characterized by patchy to extensive alopecia (Beckmen et al., 1997). One 
rehabilitation centre treated 207 northern elephant seals with the condition of unknown 
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aetiology between 1984 and 1992, but the prevalence of the disease in the free-ranging 
populations of this species is unknown (Beckmen et al., 1997).  
 
The Australian fur seal (A. p doriferus) is an Australian endemic otariid. It breeds mainly on 
small islands within Bass Strait (Figure 5.1) and forages almost exclusively over the 
continental shelf waters of south-eastern Australia (Warneke and Shaughnessy 1985; Kirkwood 
et al. 2010). Between foraging trips, which last 5-7 days on average, individuals come ashore 
for approximately 2 days, either at the colony or at another site closer to where they are 
foraging (Arnould and Hindell 2001; Kirkwood et al. 2006). Sites distant from breeding 
colonies are used most frequently by post-pubescent males and juveniles and occasionally by 
adult females (Kirkwood et al. 2006; Arnould and Kirkwood 2008). Thus, individuals of all 
ages attend the breeding colonies year round. During the November to December pupping and 
breeding season adults can remain ashore for extended periods (females for up to 10 days and 
males for >50 days—Arnould and Hindell 2001, Kirkwood et al. 2006).  
 
Australian fur seals moult annually over a 2-3 month period during the austral summer and 
autumn. The timing of moult varies between age classes, usually beginning in January in adult 
females (>3 years) and February and March in juveniles and adult males (Warneke and 
Shaughnessy, 1985). As in other mammals, the coordination of the moult is controlled 
primarily by photoperiod, although factors such as temperature and nutritional status also are 
likely to be influential (Ling 1970). Australian fur seals forage throughout the period of moult 
as the gradual nature of their moult allows their pelage to maintain its water-repellent 
properties. 
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Figure 5.1: Location of breeding colonies of Australian fur seals in Bass Strait (open circles). 
The alopecia syndrome was first noted at Reid Rocks in 1989. During the study period (2007 - 
2010) prevalence on Lady Julia Percy Island was high compared with on Seal Rocks and 
Kanowna Island. 
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This study describes a distinctive syndrome of bilaterally symmetrical alopecia that has been 
observed in Australian fur seals. The condition varies in its severity and most commonly is 
noted as a loss of guard hair and thinning of underfur over the dorsal, thoracic region. In severe 
cases the area of guard hair loss extends over most of the back, and underfur is completely lost 
in focal areas over the thorax. Exposed skin in these areas often ulcerates. The condition was 
first recognized in 1989 at Reid Rocks (David Pemberton, Primary Industries, Parks, Water and 
Environment, Tasmania, pers. comm.), a breeding colony in south-western Bass Strait with an 
estimated population size of 4,700 individuals (Kirkwood et al. 2010). Subsequently, alopecic 
seals were recognized occasionally at other sites, and in 2004 a particularly high prevalence 
was apparent at Lady Julia Percy Island in north-western Bass Strait (R. Kirkwood, pers. obs.). 
Lady Julia Percy Island is one of the two largest Australian fur seal breeding colonies, with a 
population of approximately 30,000 seals (Kirkwood et al. 2010). This colony and another at 
Seal Rocks in northern Bass Strait account for >50% of the total Australian fur seal population 
of 120,000 individuals (Kirkwood et al. 2010). 
 
The severity of alopecia in some seals signalled that this condition might result in 
compromised health and survival of affected individuals. Furthermore, the observation of large 
numbers of affected seals at Lady Julia Percy Island meant that if alopecia has a detrimental 
impact on the individual, it could have the potential to regulate seal numbers at the population 
level. Therefore the aims of the present study were to describe the clinical appearance of the 
syndrome, determine its prevalence among the different age/sex classes in the population, 
assess its spatial and temporal variations in prevalence, and investigate its significance in 
relation to thermoregulatory compromise of affected animals. 
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MATERIALS AND METHODS 
Case description and prevalence 
During the period September 2007 to February 2010 observations of alopecic Australian fur 
seals were made at Lady Julia Percy Island during multi-day visits (11 visits). The proportions 
and age classes of animals with alopecia were determined every 3-4 months at this site from 
April 2008 and opportunistically during the study at Kanowna Island (5 visits) and Seal Rocks 
(2 visits). Kanowna Island is the third largest breeding colony of Australian fur seals, with an 
estimated population of 15,000 individuals (Kirkwood et al. 2010). To estimate the prevalence 
of affected animals we counted alopecic and non-alopecic seals on a minimum of three 
consecutive days. Except in inclement weather conditions, all counts were performed within 3 
hours of sunrise, as more seals tend to be ashore in the cooler periods of the day. On each count 
an observer aided by binoculars maintained a vantage point above and lateral to the seals and 
noted only individuals whose dorsal surface was clearly visible. On each day, three replicate 
counts were made of each age class; adult males, adult females, and juveniles (for which sex 
could not be distinguished from a distance). Subadult males, showing secondary sexual 
characteristics such as early mane development but not yet at adult size, were included in the 
adult male age class, as they were obviously pubescent. In each affected animal the site(s) of 
alopecia was recorded and its severity graded. Mild cases had an estimated <5 cm area of hair 
loss on the head or thorax, moderate cases had approximate loss of between 5 and 15 cm, and 
severe cases had an alopecic patch that was >15 cm in diameter (Figure 5.2). 
 
Clinical examination and sampling 
At Lady Julia Percy Island affected (case) and unaffected (control) animals were captured (n = 
117) for examination and diagnostic sampling for a concurrent study into the cause of the 
syndrome. Cases were captured as they were encountered in an area of the colony suitable for 
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Figure 5.2: Alopecia in Australian fur seals: case description.  
 
Mild case  Moderate case          Severe case 
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field operations. We aimed to pair cases with controls, so control animals were sampled on 
each trip to be in a 1:1 ratio with cases by age class and gender. Animals were captured with a 
hoop net (Research Nets Inc, Washington, and Fuhrman Diversified Inc., Texas), a face mask 
placed over the nose and mouth, and anaesthesia induced by 5% isoflurane (100% vol./vol. 
Forthane, Abbott Australia Pty, Ltd., Botany Australia) delivered by a closed anaesthetic 
circuit (Stinger, Advanced Anaesthesia Specialists, North Ryde, Australia). When a sufficient 
depth of anaesthesia had been achieved, an endotracheal tube was introduced to the airway, and 
animals were maintained on a concentration of 1.5-2% isoflurane.  
While anesthetized, the sex of each seal was confirmed by examination of the perineal region, 
and its body mass, nose-tail tip length, and greatest girth were measured and recorded. A 
simple body condition index (BCI) was derived by dividing mass (kg) by length (m). This 
index is correlated positively with total body lipid in pinnipeds (Arnould, 1995). Animals were 
classed as juveniles if they were estimated to be >1 year of age, based on the presence of an 
erupted permanent canine tooth, and <3 years of age, based on their body size, the absence of a 
palpable pregnancy, and the fact they were not lactating (Warneke and Shaughnessy 1985). We 
were unable to establish pregnancy status during the January and April field operations, as 
diagnosis by palpation relies on detection of a substantially sized foetus. Therefore a small 
number of animals classed as large juveniles might have been young adult females that were in 
early pregnancy from the November-December breeding season. 
 
Diagnostic samples included the hair plucks (trichograms) collected from the dorsal thorax and 
rump of each seal with the aim that each trichogram had at least 20 guard hairs for 
examination. The hair bundle was laid on clear adhesive tape, attached to a glass slide, and 
examined by light microscopy. For each sample the root of the hairs was classified as anagen 
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(growing phase), telogen (resting phase), or no root (unable to classify as the root was not 
collected with the pluck). The tips of hairs were classified as tapered, frayed, or fractured. 
 
The extent of the alopecia on each seal was recorded by diagram and digital photography, and 
the seals were fitted with individually numbered tags (Superflexitag, Dalton Pty Ltd, 
Oxfordshire, United Kingdom) to the webbing of both fore-flippers. The tags facilitated 
resighting of the individuals, which enabled the progress of the alopecia to be monitored. Most 
resight data were collected on Lady Julia Percy Island, but high resolution photographs 
(enabling tags to be read) were taken of some animals at Cape Bridgewater, a small breeding 
colony located on the Australian mainland 50 km west of Lady Julia Percy Island (V. Antony, 
Cape Bridgewater Seal Tours, pers. comm.). 
 
To investigate the potential impact of alopecia on thermal flux across the skin digital thermal 
images of the dorsal surfaces of immobilized seals were collected using a ThermaCAM E320 
camera equipped with a 35 mm lens (Flir Systems Pty Ltd, Notting Hill, Australia). The 
camera was set at an emissivity level of 0.98, which assumes that 98% of the energy received 
by the camera is emitted by the body and 2% is reflected energy. Emissivity for the fur of a 
range of mammals typically varies between 0.98 and 1.0 (Hammel, 1956). Body temperature 
measurements were taken at the same time as the thermal images to establish if surface and 
core body temperatures were related. The body temperature was measured by a digital 
thermometer (RS 206-3722, RS Components, Northants, United Kingdom) with the 
thermocouple inserted rectally to a distance of approximately 15 cm. Blackbody and shaded 
ambient temperatures also were measured by digital thermometer concurrent with the thermal 
imagery; a blackbody, assumed to have an emissivity of 1 (i.e., close to that of hair), was 
constructed by placing the thermocouple tip inside a matt black, ping-pong ball. This device 
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was laid on the back of the animal to provide a measure of the solar radiation being 
experienced by the seal (Hammel, 1956).  
 
Because surface temperatures of heavily furred mammals are highly affected by solar heating 
(McCafferty, 2007; McCafferty et al., 2005), animals were shaded prior to thermal imaging. 
Shading was not applied if ambient and blackbody temperatures varied by <20C, because the 
effect of solar radiation on surface temperatures would be minimal. The thermographs were 
analysed using ThermaCAM Quickview software (Flir Systems Pty Ltd), which applies a 
rainbow colour scheme to distinguish temperature differences and allows point temperatures to 
be measured. Surface temperatures of the thorax, rump, and fore-flippers of each seal were 
measured, and in case animals both the temperature of the lesion centre (worst affected area) 
and unaffected thorax were recorded.  
 
Statistical analysis 
Statistical analyses were performed using the software program PASW Statistics 18 (SPSS Inc, 
Chicago, Illinois). Kolmogorov-Smirnov tests were applied to check if data were normally 
distributed, and P >0.05 was used to indicate normality. The chi-square (χ2) test for goodness 
of fit was used to determine if the proportion of cases captured varied from the expected 1:1 
sex ratio. Surface temperatures of affected and unaffected thorax and flipper were compared 
using paired t tests. In addition the linear relationship between surface body temperature and 
ambient temperature was investigated using Pearson product-moment correlation coefficient 
(r). Paired t tests were used to compare the BCI of cases and controls that were matched on age 
class and sex. Allocation to each matching pair within a defined age class and sex was based on 
the order in which the animals were captured. Seals captured during the study were allotted a 
season-year classification and a case or control classification. The interaction between these 
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categorical variables and their respective influence on BCI was explored using a two-way 
analysis of variance (ANOVA). Each animal was sampled only once for the purposes of this 
analysis and data was checked for normality (Kolmogorov-Smirnov tests) and homogeneity of 
variances (Levene’s test for equality of error variances). 
  
RESULTS 
Case description, clinical progression and seasonal prevalence 
All 406 alopecic animals observed were either juveniles (1-3 year old) or adult females. 
Alopecia was never seen in adult or subadult males or pups (<1 year old). The alopecia 
syndrome was always noted as a bilaterally symmetrical condition. In juveniles the dorsal 
thoracic region was always affected, and in more severe cases alopecia extended over the back 
and occasionally the head and neck. In adult females the head and/or neck primarily were 
affected, and occasionally the thorax. Juveniles more frequently exhibited severe alopecia than 
did adult females (Table 5.1).  
 
A total of 59 randomly selected case animals were captured for diagnostic sampling, being 55 
juveniles and 4 adult females. Of the 55 juveniles, 51 were female and four were male, 
indicating a significant female bias (χ21= 40.16, P < 0.0001). Fifty-eight control animals were 
sampled, 52 juveniles (39 female and 13 male) and 6 adult females. The over-representation of 
juvenile males resulted because of an inability at times to encounter control juvenile females. 
 
Twenty-one tagged animals (15 cases and 16 controls) were resighted on subsequent trips, and 
3 resighted animals were recaptured (Table 5.2). Five of the resighted animals (3 cases and 2 
controls) were observed at Cape Bridgewater, and the remaining resights were at Lady Julia 
Percy Island. The size of the alopecic area in affected animals increased within an inter-moult  
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Table 5.1: Frequency of mild, moderate, and severe alopecia in juveniles and adult females on 
Lady Julia Percy Island between September 2007 and February 2010. 
 
 
Alopecia severity Juveniles Adult females 
 
Mild 
 
53 
 
24 
Moderate 115 51 
Severe 97 15 
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Table 5.2: Date (day.month.year) and severity of alopecia in animal cases resighted within a 
single inter-moult period and cases resighted after a subsequent moult.  
 
 
 
Case ID 
Initial capture 
  Date     Severity 
Within inter-moult 
 Date     Severity 
Beyond moult 
Date    Severity 
 
LAJ7 
 
7.9.2007 
 
Mild 
 
8.1.2008 
 
Moderate 
  
LJA9/08 20.4.2008 Moderate   5.2.2010 Moderate 
LJA19/08 23.4.2008 Moderate 22.10.2008 Severe   
LJA20/08 23.4.2008 Severe 22.10.2008 Severe*   
LJN22/08 24.4.2008 Regrowth  15.1.2009 Moderate 27.9.2009 Mild 
LJA32/08 30.7.2008 Moderate   21.10.2009 Severe 
LJA33/08 30.7.2008 Slight 21.10.2008 Slight*   
LJA40/08 21.10.2008 Severe 20.1.2009 Severe* 8.1.2010 Moderate 
LAJ11/09 15.1.2009 Moderate   22.9.2009 Mild 
LAJ20/09 21.4.2009 Mild 22.9.2009 Moderate   
LNJ39/09 17.7.2009 Mild 21.10.2009 Moderate   
 
*The alopecia classification for LJA20/08, LJA33/08, and LJA40/08 did not change between 
initial capture and resighting, but in each case comparison of images showed that their alopecia 
was more extensive.  
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period (8 case resights), and case animals still had alopecia following a subsequent moult (5 
case resights; Table 5.2).  
 
Commonly, affected animals captured during the moult period had obvious regrowth of guard 
hairs in the centre of affected areas (Figure 5.3a). Hair was confirmed as new growth if 
trichograms showed anagen-phase roots and >90% tapered tips. In each individual with 
suspected regrowth a trichogram also was prepared from the edges of the lesion. In all cases 
trichograms from these areas showed >90% telogen roots and >90% frayed or fractured tips, 
indicating that the hair samples from the two regions were of different ages. Some individuals, 
captured in the austral autumn and winter after completion of their moult, had new hair 
covering all of the presumed previously alopecic area. However, this hair was distinctly darker, 
shorter, and finer than the surrounding, silver-tipped hair that is typical for the pelage for a few 
months after the moult (Figure 5.3b). Two animals with this distinctive hair coat pattern 
subsequently were resighted in the same inter-moult period with alopecia suggesting the moult 
does not cure the condition.  
 
Three control animals, in addition to the individuals listed in Table 2, subsequently were 
resighted or recaptured as cases. One of these individuals had been tagged immediately after its 
moult (in autumn), so it could have been an affected animal with new hair growth masking pre-
existing alopecia. It was resighted the following summer with moderate alopecia. The 2 other 
unaffected animals, captured in the austral winter and spring, respectively, were resighted 15 - 
18 months later (in summer) with alopecia, demonstrating that juveniles can be unaffected in 
one year then become affected in a subsequent year. Only one tagged case animal was 
resighted with a complete hair coat but this occurred during autumn and the individual had a 
newly moulted coat. It is unknown whether this individual developed alopecia following the  
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Figure 5.3: Alopecia in Australian fur seals: regrowth of guard hair on previously alopecic 
lesion (a) and abnormal appearance of guard hair post-moult (b). 
 
 
a   
 
 
b  
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moult. Six juvenile cases and 1 juvenile control exhibited an ulcerative condition of the skin of 
the ventral mandibular symphysis (chin), suggestive of excessive rubbing to this area. In the 
more severe cases the lower lip was completely eroded and the surface of the exposed 
mandibular bone abraded.  
 
In both juveniles and adult females on Lady Julia Percy Island the alopecic syndrome 
manifested a distinct and repeated, seasonal pattern of prevalence (Figure 5.4). In both groups 
the prevalence was lowest (<5% in juveniles, <1% in females) in the austral autumn and 
highest during spring (>20% in juveniles, ~5% in females). Concurrent estimates at Kanowna 
Island and Seal Rocks typically recorded a low prevalence of alopecia in both juveniles and 
adult females (Table 5.3). The highest prevalence recorded at Kanowna Island was 1.3% of 
juveniles in February 2009, and at Seal Rocks the highest prevalence was 2.9% of juveniles in 
September 2009.  
 
Thermoregulatory and energetic impacts 
Thermal images were collected from 84 (42 cases and 42 controls) of the 117 seals captured. 
Data plots revealed the relationships between body surface temperatures (unaffected thorax, 
alopecic lesion, and flipper) and ambient temperature to be curvilinear, so log transformations 
were applied to the data. The highest coefficients of determination (r2) were derived from log-
transformed ambient temperatures against untransformed temperatures from thorax, lesion, and 
flipper. In grouped case and control animals surface temperature of normally furred thorax and 
flipper were correlated positively with ambient temperature (r = 0.73, n = 56, P <0.0001 and r 
= 0.69, n = 56, P < 0.0001, respectively), suggesting that blood flow to both the trunk and 
flippers changes with temperature. In moderately and severely alopecic animals areas of hair 
loss were significantly warmer than unaffected furred areas (t16 = 8.58, P < 0.0001; Figure 5.5).  
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Figure 5.4: Seasonal and inter-annual variation in the prevalence (mean ± SE) of alopecia in 
adult female and juvenile Australian fur seals on Lady Julia Percy Island. Lines represent cubic 
interpolation.  
 
 
 
 
 
 
 
  
  Chapter 5 
133 
 
 
 
 
Table 5.3: Prevalence (percent of total, mean ± SE) of juvenile (n = 375) and adult female (n = 
1519) Australian fur seals affected by alopecia on Kanowna Island and Seal Rocks during 
visits between July 2008 and January 2010. 
 
 
 Colony Juveniles Adult females 
 
July 2008 
 
Seal Rocks 
 
0 
 
0 
August 2008 Kanowna INS* 0.2 ± 0.7 
February 2009 Kanowna 1.3 ± 1.7 0.2 ± 0.1 
July 2009 Kanowna INS* 0 
September 2009 Seal Rocks 2.9 ± 0.2 0 
November 2009 Kanowna INS* 0 
January 2010 Kanowna 0.2 ± 0.6 0.8 ± 0.9 
 
*INS - Insufficient numbers counted each day (<20) to make estimate. 
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Figure 5.5: Alopecia in Australian fur seals: thermograph showing heat loss (white area) from 
alopecic lesion.  
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The mean difference and SE was 6.6 ± 0.8oC. In animals classed as mildly affected cases no 
temperature difference (1.5 ± 1.1; mean difference ± SE between the affected area and 
surrounding fur was found (t13 = 1.31, P= 0.212). Although mean flipper temperature also was 
significantly warmer than normally furred areas (t56= 14.96, P < 0.0001), in animals with 
moderate and severe alopecia no difference was found between the temperature of the lesion 
and flipper skin (t16 = 0.65, P < 0.52; Figure 5.6).  
 
In a matched-pair comparison within juvenile females the mean BCI of cases was significantly 
lower than that of controls (t36= -3.51, P < 0.001). In addition to whether the animal was a case 
or control (Case Classification), mean BCI values also were influenced  
by the season and year (Season Year) when the animal was sampled (Case Classification, F1,69 
= 8.32, P < 0.001; Season Year, F9,69 = 3.57, P < 0.005; Fig. 5.7). Animals appeared to show a 
repeated seasonal variation in BCI over the study period, with body condition being lowest in 
autumn, coinciding with the moult period and lowest in the second year (2009) of the study. 
 
DISCUSSION 
A syndrome of alopecia that appears to be prevalent in Australian fur seals is described here for 
the first time. Its features are unlike any previously published skin or hair abnormalities in 
pinnipeds in that it exhibits a distinctive bilaterally symmetrical pattern of distribution on 
affected animals and a significant bias towards juvenile females. Resight data demonstrate that 
the condition in affected individuals is progressive in severity between moult cycles. Although 
some affected individuals grow new guard hair during the moult period, this does not appear to 
be curative.  
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Figure 5.6: Relationships (P <0.0001) between ambient temperature and the surface 
temperature of normally furred thoracic areas, alopecic lesions, and flipper in moderately and 
severely alopecic cases in Australian fur seals (n = 18).  
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Figure 5.7: Seasonal and inter-annual variation in mean (+ SD) body condition index (BCI, 
mass in kg per length in cm) of alopecic (cases) and unaffected (controls) juvenile female 
Australian fur seals on Lady Julia Percy Island. Lines represent cubic interpolation.  
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The condition has been noted occasionally in Australian fur seals since 1989 and could have 
had a marked increase in prevalence within the last 10 years. Its highest prevalence is at Lady 
Julia Percy Island in north-western Bass Strait. Whether the condition was present in 
Australian fur seals prior to 1989 is unknown. No cases were documented by sealers when they 
harvested Australian fur seals between 1798 and 1923, but this simply might reflect 
deficiencies in existing records from this enterprise. Of particular interest is that during the 
1960s, 1970s, and 1980s a researcher visited Seal Rocks approximately four times per year and 
Lady Julia Percy Island on several occasions (principally in summer) and made extensive 
recorded observations on the seals without noting alopecia cases (Robert Warneke, Fisheries 
and Wildlife, Victoria, pers. comm.). 
 
A hair loss condition in the closely related Cape fur seal was noted in the 1950s (Bonner, 
1968), and a single case was reported recently (2010) at the docks in Cape Town (Deon Koetze 
, Marine and Coastal Management, pers. comm.). However, the pattern of the recently sighted 
hair loss case was not distinctively bilaterally symmetrical, and it was observed in a subadult 
male. No systematic observations of alopecia have been made in Cape fur seals. In south-
eastern Australia no instances of bilaterally symmetrical alopecia have been noted in New 
Zealand fur seals (Arctocephalus forsteri), which occur in sympatry with the Australian fur 
seals (Kirkwood et al., 2009). Australian sea lions (Neophoca cinerea) in early moult can 
sometimes have hair colour changes in the dorsal thoracic region that mimic the appearance of 
alopecic Australian fur seals, but these areas have no guard hair loss (Simon Goldsworthy, 
South Australian Research and Development Institute, pers. comm.). To our knowledge the 
alopecia syndrome reported here is unique to Australian fur seals.  
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A function of guard hair in fur seals is to protect the underfur that acts as the main insulating 
layer by the retention of air between fine fibres that are present in high density (Pabst et al., 
1999). Loss of guard hair exposes the underfur to greater abrasive trauma from the 
environment, leading to disruption and damage. Thinning and curling of the underfur was 
evident on animals with moderate and severe alopecia, and thermographs from these cases 
revealed that more heat was emitted from alopecic areas than from normally furred areas of the 
body.  
 
Phocid seals can regulate blood flow to the skin of their trunk by opening (to shed heat) and 
closing (to contain heat) arteriovenous anastomoses (AVAs—Bryden and Molyneux 1978; 
Kvadsheim and Folkow 1997; Mauck et al. 2003). In fur seals the insulating property of their 
dense hair coat limits the ability of fur seals to use AVAs to dissipate significant heat from the 
trunk, and so this area has a relatively low density of AVAs compared to the flippers (Bryden 
and Molyneux, 1978). However, it appears that even in otariids the skin can be used as a 
thermoregulatory organ, as skin temperature of Antarctic fur seals was found to be highly labile 
during diving activities in two of three animals (Boyd, 2000). This suggests that the skin can be 
used to off-load excessive heat generated by the work done during the diving descent phase. In 
Australian fur seals heat loss from both normally furred and alopecic areas did vary with 
ambient temperature, suggesting blood flow to the trunk skin can be altered to some degree 
depending on whether the individual needs to conserve or off-load heat. It appears, however, 
that the degree to which Australian fur seals can regulate heat loss through alopecic areas is 
limited, as large temperature differentials were noted between affected regions and flippers. 
This was particularly apparent in cold ambient temperatures where alopecic areas were 
significantly warmer than flipper surface temperature. It is likely that the anatomical limitations 
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of a low skin AVA density combined with the greater heat-conducting properties of water 
would result in increased thermoregulatory costs for affected seals when they are immersed. 
  
The moult period in juvenile Australian fur seals starts in mid February (late summer) and in 
most animals is completed within 2-3 months (Warneke and Shaughnessy, 1985). The BCI of 
juvenile females showed a distinct seasonal pattern with lowest values each austral autumn, 
which is consistent with the substantial energy cost associated with the pre-moult and moult 
periods (Boily, 1996; Ling, 1970). Alopecic juveniles had a lower mean BCI compared to 
unaffected juveniles, which could be a result of their increased energy costs for 
thermoregulation. BCI is correlated with total body lipids (Arnould 1995), and fur seals use fat 
metabolism as a strategy to provide energy for thermoregulation (Rutishauser et al., 2004). If 
the demand for energy for thermoregulation exceeds an animal’s energy intake through 
foraging, a downward spiral of reduced body condition can lead to death (Rutishauser et al., 
2004; Rosen et al., 2007). Whether alopecic seals have a higher mortality rate than unaffected 
animals is unknown. A drop in prevalence of affected juveniles occurred each year between the 
spring and summer estimates, and during this same period the prevalence of affected adult 
females rose. These fluctuations in prevalence could be due simply to the annual austral 
summer influx of unaffected yearling pups into the ranks of juveniles and the movement of 
juveniles into the adult age class. It is possible, however, that a contribution to the reduction in 
prevalence of alopecic juveniles observed results from an increased mortality of affected 
animals during this period, particularly those with substantial amounts of hair loss. The energy 
demands of the initial stages of the annual moult, which starts during this period, would be 
expected to add additional physiological stress to affected animals.  
 
  Chapter 5 
141 
 
The alopecia syndrome affects a large number of female Australian fur seals on Lady Julia 
Percy Island. Assuming a sex ratio in juveniles close to 1:1, approximately 50% of juvenile 
females at Lady Julia Percy Island develop alopecia. The juvenile demographic represents 
approximately 35% of the Australian fur seal population (Gibbens and Arnould, 2009), and 
therefore up to 2,500 juvenile females from Lady Julia Percy Island can be affected by alopecia 
at a given time. The impact of this alopecia syndrome on the Australian fur seal population, 
however, remains unknown, and mortality events involving substantial numbers of alopecic 
seals have not been observed. Given that the syndrome is likely to increase thermoregulatory 
energy costs, it is possible that alopecia is a risk factor for premature mortality and therefore 
might be acting as a significant factor to regulate population size at Lady Julia Percy Island. 
Survivorship studies are yet to be performed on the Lady Julia Percy Island population, but in a 
study conducted between 2003 and 2005 at Kanowna Island the annual mortality rate of 
juvenile Australian fur seals was approximately 20%, representing over 1,000 individuals 
(Gibbens and Arnould 2009). During the study period Lady Julia Percy Island was visited only 
for 5 days each 3 months, and if juvenile mortality patterns were not tightly temporally 
clustered, it would have been difficult to detect deaths in alopecic seals by direct observation, 
even if they occurred in substantial numbers. In addition, some seals would be expected to die 
at sea, and the exposed environment on Lady Julia Percy Island results in rapid disintegration 
of bodies on shore meaning that much mortality might go unnoticed.  
 
The distinctive features of the alopecia syndrome are its bilateral symmetrical nature, the 
female sex bias, and its high prevalence on Lady Julia Percy Island. The pathology and cause 
of this syndrome is the subject of ongoing investigations that aim to define the mechanism and 
pathogenesis of hair loss and investigate potential environmental causal factors. The possible 
relationship of jaw ulceration – seen in a small number of cases – to the alopecia syndrome is 
Chapter 5 
142 
 
unknown. Jaw lesions could indicate that those individuals were pruritic (itchy), but behaviours 
in alopecic seals that would indicate that hair was rubbed were noted only on a few occasions. 
Bilaterally symmetrical hair loss often is associated with endocrine disturbances in humans and 
domestic animals (Frank et al., 2003; Greco, 2007; Shapiro, 2007), and toxicological agents 
can affect hormonal pathways involved in the hair growth cycle (Hall et al., 2003). A similar 
clinical picture, however, could be produced occasionally by the influence of nutritional factors 
or disease agents on the skin and hair follicles, and so these aetiologies also warrant 
investigation.  
 
The alopecia syndrome appears to be most prevalent at Lady Julia Percy Island, common at 
sites within a few hundred kilometres; i.e., Cape Bridgewater and Reid Rocks, rare at Kanowna 
Island and Seal Rocks, which are >300 km distant, and unreported at The Skerries, which is 
>1000 km distant (although observational data from this site is scant). Genetic studies suggest 
Australian fur seals represent a panmictic population, with gene flow between colonies 
influenced by migrations of both males and females. Also, it is common for Australian fur seals 
on foraging trips to rest at sites other than their natal colony (Arnould and Kirkwood, 2008). 
Hence, alopecic seals sighted elsewhere might have come from Lady Julia Percy Island. It 
appears that as yet unknown factors associated with Lady Julia Percy Island, or within north-
western Bass Strait, are important in the expression of this condition, and causal investigations 
should be focused on this colony and its surroundings. 
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CHAPTER 6 
 CHARACTERIZATION AND CAUSAL INVESTIGATIONS OF AN 
ALOPECIA SYNDROME IN AUSTRALIAN FUR SEALS  
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ABSTRACT 
Fur seals rely on pelage consisting of dense, fine, underfur protected by guard hairs as their 
primary means of limiting thermoregulatory cost. A distinctive syndrome of alopecia occurs at 
high prevalence in one colony of Australian fur seals. It is characterised by bilaterally 
symmetrical hair loss on the dorsal body surface and a biased prevalence towards juvenile 
females. Light and scanning electron microscopy demonstrated that alopecia is due to fracture 
of the hair shaft above the skin level. No evidence of viral, bacterial, fungal or parasite 
infection was found and histological examination of skin biopsies revealed no pathological 
variation between case and control seals. Affected animals had lower tyrosine (P = 0.009) and 
zinc (P = 0.008) concentrations in hair than unaffected seals. This may increase hair brittleness 
and therefore, predispose its fracture. Alopecia cases also had higher levels of heavy metals 
and persistent organic pollutants which may indicate they forage in ecosystems where 
concentrations of pollutants are higher. Reasons for the juvenile and female biases associated 
with the condition remain unclear.  
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INTRODUCTION 
Marine mammals control heat loss in the aquatic environment through numerous anatomical 
and physiological adaptations of the integument and circulatory system (Pabst et al., 1999). Fur 
seals rely on pelage consisting of dense, fine, underfur protected by thicker, flattened, guard 
hairs as their primary means of limiting thermoregulatory cost (Ling, 1970). The fact that all 
fur seal species moult annually, itself an energetically demanding process is evidence of the 
biological importance of an intact and functional pelage (Ling, 1970; Boily, 1996). Damage or 
loss of the pelage places additional energy demands upon the individual. Diversion of a greater 
proportion of energy to thermoregulation may compromise foraging ability and increase 
catabolism of body tissues, increasing mortality risk (Rosen et al., 2007).  
 
A distinctive syndrome of bilaterally symmetrical alopecia (hair loss) occurs in Australian fur 
seals (Arctocephalus pusillus doriferus) on Lady Julia Percy Island in north-western Bass 
Strait. Lady Julia Percy Island is one of the two largest Australian fur seal breeding colonies, 
with a population in the order of 30,000 seals, equating to approximately 25% of the total 
population for this species (Kirkwood et al. 2010). The alopecia syndrome primarily affects 
juvenile females but is also observed at a lower prevalence in adult females. It is not seen in 
post-pubescent males and only occasionally in juvenile males. Affected animals show guard 
hair loss over the dorsal thorax and, in severe cases this extends over most of the back and 
head. Up to 50% of juvenile females at Lady Julia Percy Island are affected, compared to <3% 
prevalence at other Australian fur seal colonies. Alopecic seals do not adequately limit heat 
loss from affected areas and are in poorer body condition than non-affected animals. An 
alopecia syndrome such as this described in the Australian fur seal had not previously been 
reported in a pinniped species and, could be a primary means of population regulation at this 
colony.  
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 Infection with viral, bacterial or parasitic pathogens that cause focal or extensive dermatitis 
can cause alopecia in pinnipeds (Simpson et al., 1994; Daily, 2001; Dunn et al., 2001). Hair is 
directly shed from inflamed follicles or skin irritation may encourage self trauma resulting in 
hair fracture. Also, fungal infection can cause patchy alopecia in captive pinnipeds (Montali et 
al., 1981; Guillot et al., 1998). Fungal hyphae invade and proliferate within the hair shaft, 
weakening its structure with subsequent fracture. Diagnosis of infectious causes of alopecia is 
usually made by both isolation of the pathogen or parasite, in addition to demonstration of 
characteristic pathology in histological skin sections.  
 
Non-infectious causes of alopecia include endocrine disturbances, nutritional deficits or 
toxicities and immune-mediated disease. Bilaterally symmetrical alopecia is a common clinical 
symptom of sex hormone or thyroid hormone disturbances that sporadically occur in humans 
and domestic animals, some of which have genetic components that influence their expression 
(Frank et al., 2003; Greco, 2007; Shapiro, 2007). Descriptions of endocrine disruption in 
marine mammals generally concern the effect of environmental toxins on thyroid hormone 
homeostasis (Hall et al., 2003; Routti et al., 2010). Links between endocrine disruptive toxins 
and alopecia, however, have not been established in pinnipeds. Most nutritionally-related 
causes of alopecia result from deficiencies of amino acids, trace elements, vitamins or fatty 
acids that are essential to the normal growth and structure of skin and hair (Puls, 1994; 
Goldberg and Lenzy, 2010). It is well recognised that pinnipeds undergo temporal fluctuations 
in nutrient availability and that long-term changes in prey composition may negatively impact 
the health of some populations (Trites and Donnelly, 2003). In addition, the absorption and bio-
availability of some nutrients can be affected by ingested toxins (Debier et al., 2005). 
Deficiencies or toxicities of specific nutrients have not been linked with dermatological 
syndromes in free-ranging pinnipeds, although experimentally induced vitamin E deficiency in 
Chapter 6 
152 
 
captive harp seals (Phoca groenlandica) resulted in irregular and incomplete moult cycles 
(Engelhardt and Geraci, 1978). Immune-mediated skin disease is a common cause of alopecia 
in domestic mammals with dermatological problems (Scott and Paradis, 1990). Affected 
individuals are often pruritic and alopecia is typically due to hair fracture resulting from self-
trauma. Immune-mediated skin disease has been suspected in sporadic cases of alopecia in 
captive marine mammals but has not been demonstrated in wild populations (Gulland et al., 
2001b).  
 
The causes of several other dermatological syndromes reported in pinnipeds are unknown. 
Patchy to extensive alopecia and ulcerative skin lesions are frequently observed in northern 
elephant seals (Mirounga angustirostris) and although the syndrome has been extensively 
investigated, its aetiology remains obscure (Beckmen et al., 1997; Yochem et al., 2008). Patchy 
alopecia is observed in Steller sea lions (Eumetopias jubatus) and California sea lions 
(Zalophus californianus) in western North American waters and extensive alopecia is seen in 
Gray seals (Halichoerus grypus) around the Farne Isles, United Kingdom (Gulland et al., 
2001a). The cause of these syndromes of alopecia and their prevalence within these 
populations are unknown.  
 
The present study aimed to describe the histological appearance of alopecic skin and elucidate 
the pathologic mechanism and possible causal agents of this syndrome in Australian fur seals. 
This will aid interpretation and potentially lead toward alleviation of the syndrome for affected 
seals as well as assist interpretations of alopecic conditions in other pinnipeds. 
 
  Chapter 6 
153 
 
 
MATERIALS AND METHODS 
Animals 
Between September 2007 and February 2010, eleven visits, spaced approximately three months 
apart were made to Lady Julia Percy Island (38o42´S, 142o00´E), in Bass Strait, Australia. On 
each visit, both alopecic (case) and unaffected (control) seals were captured for examination 
and diagnostic sampling. During each field trip, we aimed to pair cases with controls, for age 
class and gender. Animals were captured, restrained and allocated to an age class by methods 
previously described in Chapter 5.  
 
Sample collection and analysis 
The pelage of each seal was visually examined for ectoparasites by combing the hairs of the 
dorsal and lateral body surfaces backwards with the side of a hand. In addition, superficial and 
deep skin scrapings and adhesive tape preparations were collected. Superficial scrapings 
involved sweeping a scalpel blade coated in paraffin oil multiple times across a wide area of 
the side and back of the animal. Deep skin scrapes were performed by clipping the hair in a 9 
cm2 area of the dorsum as short as possible and vigorously scraping with an oil-coated blade. 
Paraffin wet mounts were prepared from each scraping and examined by light microscopy in 
the field. Adhesive tape preparations were made by separating the back hair in multiple areas 
and briefly applying the adhesive surface to collect parasites present in the hair shafts or on the 
skin surface. The tape was mounted on a glass slide and examined under light microscopy. 
Skin scrapes and tape preparations were collected in the austral spring and summer as 
ectoparasitic infections of mammals are usually more prevalent in warmer months. 
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Full-thickness skin biopsies from the thorax and rump of each seal were collected with an 8-
mm biopsy punch (Stiefel Laboratories Pty Ltd, NSW, Australia) and fixed in 10% buffered 
formalin. In case seals, the thoracic biopsy was collected from the edges of the area of alopecia 
to maximise the likelihood of demonstrating active and recent pathology. In several cases, 
samples were also collected from the lesion centre. The biopsy sites were prepared by clipping 
hair to short stubble and lightly wiping the area with 70% alcohol. Following collection, sites 
were plugged for haemastasis with a calcium-sodium alginate wound dressing (Kaltostat, 
ConvaTec, NJ, USA). After formalin fixation, biopsies were embedded in paraffin, sectioned, 
and stained with hemotoxylin and eosin. Sections were examined under light microscopy to 
determine if histological lesions were present and to record the proportion of hair follicles that 
contained hair shafts. 
 
Hair plucks (trichograms) comprising at least 20 guard hairs were collected from the dorsal 
thorax and rump of each seal. For cases, the thoracic sample was taken from the edges of the 
lesion and the rump sample from an unaffected area, to provide an intra-animal control. The 
hair bundle was laid on clear adhesive tape, attached to a glass slide and examined by light 
microscopy. Hair tips were classified as either tapered or frayed-fractured (Figure 6.1). 
Additional plucked hair was also used to inoculate dermatophyte test media (Fungassay, 
Synbiotics Corporation, CA, USA). Inoculated media was monitored for colour change that 
would indicate the presence of common dermatophytes. Fungal colonies that grew within 21 
days were submitted to a diagnostic laboratory (Gribbles Veterinary Pathology, Glenside, 
South Australia) and identified to genus level by morphological features under KOH staining.  
 
Hair plucks and skin biopsies were prepared for scanning electron microscopy (SEM) by 
washing twice in absolute ethanol then suspending in a 1:1 dilution of absolute alcohol and  
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Figure 6.1: Scanning electron microscope images of normal and frayed tips of guard hair from 
Australian fur seals. Alopecic seals had higher proportions of damaged hairs than unaffected 
seals. 
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hexamethyl-disilazone (ProSciTech, Thuingowa, Australia). Samples were then transferred to 
100% hexamethyl-disilazone which was allowed to evaporate. They were then mounted on 
stubs with double-sided adhesive tape and coated with gold in a Polaron E5000 sputter coater 
(Quorum Technologies, UK). Specimens were examined using a Philips 505 scanning electron 
microscope (Philips Research, The Netherlands). 
 
Trace element concentrations were determined in blood and hair samples. Blood was collected 
from the brachial vein into trace element tubes (BD Vacutainers, Becton Dickinson and 
Company, North Ryde, Australia) and whole blood and plasma were harvested and stored in 
separate cryovials (Nalgene® Thermo Fisher Scientific Australia, Scoresby, Australia). These 
were held in liquid nitrogen for the duration of each field trip and then stored at -70°C for up to 
12 months. A 3-g mixture of thoracic and rump guard hair and underfur was clipped using 
sterile scissors from each seal and stored at ambient temperature for the duration of the field 
trip, and then at -70°C prior to analysis. Trace element analysis of both blood and hair was 
performed at the Royal Prince Alfred Hospital, Camperdown, Australia, using Inductively 
Coupled Plasma Mass Spectroscopy (ICP-MS). The analysis was performed using methods 
previously applied to pinnipeds (Gray et al., 2008). Trace elements measured were arsenic 
(As), cadmium (Cd), mercury (Hg) and lead (Pb) in hair and whole blood. Nickel (Ni), copper 
(Cu), zinc (Zn), selenium (Se), chromium (Cr), iron (Fe), aluminium (Al) and cobalt (Co) were 
measured in hair and plasma and magnesium (Mg), manganese (Mn), tin (Sn), antimony (Sb) 
and thalium (Tl) in hair only. 
 
Subcutaneous fat collected from the thoracic skin biopsy site was stored in cryovials at  
-70°C. Analysis for 22 polychlorinated biphenyl (PCB) congeners and a range of 
organochlorine (OC) compounds was performed by Gas Chromatography Mass Spectrometry 
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(GC-MS). OCs included in the analysis were DDT and its metabolites, the cyclodienes (aldrin, 
dieldrin and endrin, heptachlor, chlodane, and endosulfan), the hexachloro-cyclohexane (HCH) 
isomers, hexachloro-benzene (HCB), methoxychlor and mirex. Samples were between 80 and 
160 mg wet-weight, resulting in a lower detection limit of 0.030 µg/g. Analysis was conducted 
according to the manufacturers methods (Sandy, 2009) at the laboratories of Advanced 
Analytical Australia Pty Ltd, North Ryde, Australia, using an Agilent 7890A GC (Agilent 
Technologies Ltd. Berkshire, UK).  
 
Plucked guard hairs from the thoracic region were submitted to CSIRO Materials Science and 
Engineering, Parkville, Australia, for amino acid analysis by High Pressure Liquid 
Chromatography (HPLC) (Spackman et al., 1958). The analysis utilised a Waters Alliance 
HPLC® controlled by Enpower® software. Amino acids assayed were cysteine, aspartic acid, 
threonine, serine, glutamic acid, glycine, alanine, valine, isoleucine, leucine, tyrosine, 
phenylalanine, lysine, histidine, arginine and proline.  
 
Statistical analysis 
Statistical analyses were performed in the software program PASW Statistics 18 (SPSS Inc, 
Illinois USA). Kolmogorov-Smirnov tests were applied to determine if data were normally 
distributed and P > 0.05 was used to indicate normality. Statistical comparisons were made 
using independent t-tests and two-way analysis of variance (ANOVA) tests for normally 
distributed parameters and Mann-Whitney U tests otherwise. Hg concentration of blood was 
converted from nmol/L to ug/L using a conversion factor of 0.20059 (molar mass Hg ÷ 1000). 
PCB congeners and DDT metabolites were summed; samples falling below detection limits 
were assigned a zero value. Relationships between parameters measured in blood and fat that 
showed significant differences between case and control groups were explored. Scatter plots 
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were constructed and if relationships were linear, a Pearson product-moment correlation 
coefficient (r) was calculated. Similarly, the correlation between hair amino acids and hair 
trace elements was explored for those parameters that showed significant differences between 
case and control groups. 
 
RESULTS 
Fifty nine randomly selected alopecic seals were captured for diagnostic sampling, 55 juveniles 
(51 females and four males) and 4 adult females. Fifty-eight control animals were also 
sampled, 52 juveniles (39 female and 13 male) and 6 adult females. Six juvenile cases and 1 
juvenile control captured for sampling, exhibited ulceration of the skin of the ventral mandible 
(chin), suggestive of excessive rubbing to this area. In severe cases the lower lip was 
completely eroded and the surface of the exposed mandible abraded. In addition, 1.5% (6/406) 
of alopecic seals observed during field operations appeared to be intensely pruritic as 
evidenced by vigorous rubbing of the neck and chin on rocks. Such persistent rubbing was 
never observed in a non-alopecic animal. 
 
Visual examination, superficial and deep skin scrapings (7 cases, 10 controls), and adhesive 
tape preparations (13 cases, 14 controls) did not detect ectoparasites on either case or control 
seals. Additionally, no evidence of deep ectoparasitic infestation was noted in any of the skin 
biopsies from 27 cases and 26 controls.  
 
A change in colour indicating growth of common dermatophytes was not observed in 
inoculated test media containing seal hair (9 cases, 10 controls). Of these samples, fungal 
colonies grown from the hair of 4 case and 4 control seals were identified as likely soil and 
plant saprophytes from the genera Cladophialophora, Acremonium, Alternaria, Penicillium, 
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Paecilomyces, Chrysosporium and Beauveria. Light microscopic examination of trichograms 
(n = 73) and skin sections (n = 53) did not reveal any fungal infection of skin or hair. 
 
Light microscopy examination of thoracic skin biopsies from cases (Figure 6.2) and controls 
did not demonstrate histological differences. Both groups had an epidermal thickness of 
approximately 58 µm, with a stratum corneum of about 14 µm. The dermal layer comprised a 
connective tissue matrix containing the pilosebaceous unit (follicle, root and shaft of hair, and 
sebaceous glands), apocrine sweat glands, smooth muscle fibres, and cellular elements 
(fibroblasts, macrophages and mast cells). Typically, the compound hair follicles consisted of a 
single guard hair and 22-27 secondary hairs (underfur). All animals had mild, perivascular, 
mononuclear, infiltrates of the dermis but these were not associated with more widespread 
inflammation. No parasites, viral inclusions, or fungal hyphae were seen in histological 
sections from cases or controls.  
 
In thoracic skin sections, there was no difference between cases and controls in the proportion 
of follicles containing guard hair (t47 = -0.475, P = 0.637). For cases, no difference was found 
in the proportion of follicles with guard hairs between affected (thorax) and normal (rump) 
body regions (t42 = -0.673, P = 0.505). SEM images of biopsies taken from the centre of 
alopecic areas showed fractured guard hairs present amongst the underfur that were not evident 
to the naked eye (Figure 6.3).  
 
Trichograms from 45 cases and 38 controls showed that for both groups, the proportion of 
thoracic guard hairs with frayed or fractured tips increases with time after the annual autumnal 
moult. In seals affected by alopecia, however, the proportion of frayed or fractured thoracic 
hair was close to 100% by 4 months post-moult whereas control seals showed a slower rate of  
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Figure 6.2: Histological section of thoracic skin from an alopecic Australian fur seal. The 
image demonstrates typical follicle structure with no indication of tissue inflammation. 
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Figure 6.3: Dorsal surface of an alopecic Australian fur seal and a scanning electron 
microscope image of a hair cluster biopsy from the central part of an alopecic lesion. Guard 
hairs (flattened, thick hairs) are evident amongst the underfur.  
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damage (Figure 6.4). Compared with controls, cases had a significantly higher proportion of 
frayed or fractured guard hairs on both thorax (F = 32.3, n = 83, P < 0.0005) and rump (F =  
5.7, n = 83, P = 0.020). Cases also had a significantly greater proportion of frayed or fractured 
hairs on the thorax than the rump (F = 5.7, n = 45, P = 0.019) but there was no difference 
between these sites on control seals (F = 1.5, n = 38, P = 0.219).  
 
The hair of juvenile female cases had significantly higher levels of Mg, Co, Pb and Ni and 
significantly lower Zn compared to juvenile female controls (Table 6.1). Case animals also had 
a significantly higher concentration of total Hg (tHg) in their blood than did controls (Table 
6.1). Mean hair Hg concentration for case and control juvenile females did not differ 
significantly (P = 0.281) and combined they averaged 14.7 µg/g (n = 35; SE = 2.7, 95% CI, 
9.21 to 20.2).  
 
In fat samples from juvenile females (14 cases, 13 controls), many of the PCB congener and 
OC values were below detection limits. However, case seals had significantly higher ∑DDT 
and ∑PCBs than control seals (Table 6.1). Blood Hg level positively correlated with fat ∑DDT 
(r = 0.71, n = 9, P = 0.031) and ∑PCB levels (r = 0.86, n = 9, P = 0.003).  
 
Compared to control seals, the guard hairs of juvenile female cases had lower percentage 
tyrosine (t20 = -2.907, x¯ cases = 0.69 ± 0.10 %, x¯ controls = 0.89 ± 0.19 %, P = 0.009) and  
marginally higher percentage threonine (t20 = 2.166, x¯ cases = 7.18 ± 0.20, x¯ controls = 6.87 ± 0.24, 
P = 0.044). Tyrosine was significantly negatively correlated with Ni levels (r = - 0.64, n = 17, 
P = 0.006) but did not correlate with Mg, Co, Zn or Pb levels. No correlation was found 
between levels of threonine and the metals Mg, Co, Zn, Ni or Pb. 
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Figure 6.4: Percentage of frayed and fractured guard hairs versus months post moult that were 
identified in trichograms collected from the dorsal thorax of case (alopecic) and control 
(unaffected) Australian fur seals. 
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Table 6.1: Mean concentration ± SD of trace metals, ∑DDT and ∑PCB in alopecic (case) and unaffected (control) juvenile, female Australian fur 
seals from Lady Julia Percy Island. Only parameters with significant differences between these groups are presented.  
 
Parameter Site Test statistic Cases  Controls  
Mg haira t = 2.09, P = 0.045 1333 ± 417 (n = 21) 1059 ± 319 (n = 14) 
Co hair t = 2.52, P = 0.017 0.039 ± 0.017 (n = 21) 0.025 ± 0.015 (n = 14) 
Zn hair t = -2.82, P = 0.008 150 ± 14 (n = 21) 162 ± 11 (n = 14) 
Pb hair t = 2.46, P = 0.019 0.171 ± 0.038 (n = 21) 0.138 ± 0.041 (n = 14) 
Ni hair U = 231, P = 0.005 1.219 ± 0.548 (n = 21) 0.732 ± 0.194 (n = 14) 
Hg bloodb t = 2.92, P = 0.015 345 ± 87 (n = 6) 215 ± 66 (n = 6) 
∑DDT fatc U = 135, P = 0.032 0.273 ± 0.266 (n = 14) 0.155 ± 0.148 (n = 13) 
∑PCB fat U = 149, P = 0.004 0.095 ± 0.103 (n = 14) 0.042 ± 0.081 (n = 13) 
 
ahair µg/g dry weight, bblood µg/L wet weight, cfat µg/g wet weight 
  Chapter 6 
165 
 
DISCUSSION 
 
Mechanism of alopecia 
A key finding of this study is that the observed alopecia is caused by hair fracture above the 
level of the skin rather than loss from the follicle with the dermis. This was evident in SEM 
images of lesions where fractured guard hairs were still apparent, and in the lack of a 
significant difference in the numbers of hair shafts present in follicles between skin sections 
from case and control seals. In all mammals, hair of normal composition and strength will fray 
and break if subjected to vigorous trauma. Most commonly, this is due to self trauma where 
inflamed, pruritic, skin is rubbed and scratched excessively causing alopecia (Scott and 
Paradis, 1990; Hawryluk and English, 2009). If, however, hair is of sub-optimal quality, even 
mild trauma related to normal daily activities may fracture hair shafts (Cheng et al., 2009). 
Subsequent analysis in this study sought to determine the presence of possible causal factors 
for hair breakage in Australian fur seals and if these related to excessive self trauma or 
suboptimal hair quality.  
 
Lice infestations have been reported from pinnipeds worldwide, and can be associated with 
pruritis and alopecia (Daily, 2001). Lice, however, are easily observed by the naked eye 
(Thompson et al., 1998; McIntosh and Murray, 2007) and were not found on any of the >100 
Australian fur seals examined in this study. Mite infestations of pinnipeds may be located on or 
beneath the skin surface or within the hair follicle and may cause pruritis (Dailey and Nutting, 
1980; Daily, 2001). The negative results obtained from skin and hair scrapings, and 
histological sections indicate that mites are an unlikely causal factor for this alopecia syndrome 
in Australian fur seals. The absence of inflammatory histopathological changes normally 
associated with viral and bacterial infections of the dermis suggest these types of pathogens 
also are unlikely causative factors for this syndrome. The results of microbiological and 
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histological investigations also preclude fungal infections of the hair shafts or dermis as a 
likely causative factor in the alopecia syndrome.  
 
Pruritis and self trauma resulting in hair breakage can also be caused by immune-mediated 
diseases that produce hypersensitivity and skin inflammation (Scott and Paradis, 1990). The 
observations of case seals grooming excessively or rubbing their body against rocks, and the 
severe ulceration of the skin of the ventral mandible of some individuals suggest these 
individuals were pruritic. However, seals were not observed excessively rubbing the site of hair 
loss and only a small proportion of cases were observed to be pruritic. In addition, pruritic 
animals would be expected to have obvious inflammatory cell infiltration of their dermis 
(Yager and Scott, 1991) and this was not noted on skin biopsies from affected seals.  
  
 
 
Structural and compositional differences in hair 
Trichogram analysis and hair compositional data indicate that differences in hair structure 
which may relate to hair strength are apparent between affected and unaffected Australian fur 
seals. The significantly greater proportion, and rate of increase after moult, of damaged 
thoracic and rump guard hairs in alopecic seals suggests abnormally rapid degeneration. In 
addition, that the proportion of damaged hair in case seals was greater on the thorax than on the 
rump (with no difference in controls), is consistent with the thoracic region being the primary 
site of alopecia in sampled animals.  
 
Hair fibre strength and integrity depends on its biochemical composition, a normal structure, 
and adequate protection by secretions from cutaneous glands (Jones, 2001; Meyer et al., 2003). 
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In Australian fur seals, juvenile females with alopecia had a significantly lower proportion of 
the amino acid tyrosine than controls, and this could theoretically result in lower fibre strength. 
Hair fibres consist of three main groups of proteins that are necessary for strength; high-
tyrosine proteins and low and high-sulphur proteins (Wu et al., 2008). A reduction in high-
tyrosine proteins in sheep and mice is associated with weakened hair fibres (Gillespie et al., 
1980; Reis and Gillespie, 1985) and their deficiency in hair may result from altered protein 
intake, absorption or metabolism (Reis, 1992). To further investigate the significance of less 
high-tyrosine proteins in Australian fur seals would require knowledge of diets of cases and 
controls, and a greater understanding of key elements that control formation of keratin proteins 
in pinnipeds. Reduced content of the sulphur-rich amino acids, cysteine and methionine, in hair 
can also cause increased fibre brittleness, because disulphide (SS) bonds lend strength to 
keratin (Wolfram, 2003). In the Australian fur seals sampled, however, the cysteine proportion 
did not vary between cases and controls while methionine levels were unable to be analysed in 
this study. Comparison of the SS content of hair from case and control groups would be a 
worthwhile analysis to further investigate links between amino acid composition and alopecia.  
 
In addition to low levels of tyrosine, juvenile female Australian fur seals with alopecia also had 
low concentrations of Zn in their hair. The trace element content of hair depends on the 
concentration of the elements in the blood during the period of hair growth (Kempson and 
Lombi, 2011). In turn, blood trace metal concentrations are influenced by dietary intake as well 
as interactions with other elements and compounds (Kempson and Lombi, 2011). Adequate Zn 
is essential for the production of normal hair, and a deficiency results in abnormal 
keratinisation and weakened hair fibres in many species (Reis, 1992; Colombini, 1999; 
Goldberg and Lenzy, 2010). The significantly lower Zn in case juveniles may indicate 
deficiency and, therefore, lower hair strength. The magnitude of the difference between groups, 
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however, is small. Furthermore, normal hair Zn values are not well established for fur seals as 
most reported levels are for phocid species. A sample of 20 northern fur seals (Callorhinus 
ursinus) of varying ages had a mean hair Zn of 186 µg/g (Ikemoto et al., 2004). In Antarctic 
phocid seals, the mean hair Zn values include 137 µg/g in Weddell seals (Leptonychotes 
weddellii) (Gray et al., 2008) and 164 µg/g in juvenile southern elephant seals (Mirounga 
leonina) (Andrade et al., 2007). In Northern Hemisphere phocids, adult Baikal (Pusa sibirica) 
and Caspian seals (Pusa caspica) had mean hair Zn values of 105 and 98 µg/g, respectively 
(Ikemoto et al., 2004). The broad inter-species variation in hair Zn values indicates that 
analysis of a greater number of hair samples from cases and controls from Lady Julia Percy 
Island is warranted. In addition, data for individuals from other Australian fur seal breeding 
colonies would help clarify the significance of the findings of the present study.  
 
The hair of alopecic Australian fur seals had significantly higher Mg, Co, and Ni 
concentrations than controls. Excess dietary Mg and Co can be detrimental to the health of 
domestic animals, although dermatological issues are not a primary sign of their toxicity (Puls, 
1994). Nickel toxicity, however, commonly, manifests in humans as an allergic dermatitis 
(Zhao et al., 2009). The toxic effects of Ni vary between species, however, and in domestic 
livestock excess Ni characteristically results in general debilitation (Puls, 1994). In Ringed 
seals (Phoca hispida saimensis), still birth was strongly associated with high Ni content (mean 
= 13 µg/g) of foetal hair (Hyvarinen and Sipila, 1984). Hair Ni, Mg and Co concentrations 
measured in juvenile females from Lady Julia Percy Island are similar to those measured in 
phocids from Antarctic waters (Andrade et al., 2007; Gray et al., 2008), an environment 
expected to have low levels of anthropogenic pollutants. Therefore, the levels of these trace 
elements in Australian fur seals do not suggest toxicity. The observed differences between case 
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and control hair for these elements likely reflect a difference in element homeostasis between 
the groups at the time of hair growth. 
 
Toxic load differences 
Toxins may act directly on the hair follicle or can interfere with hair growth and strength by 
altering nutrient absorption or metabolism (Ibim et al., 1992; Lu et al., 2007). Alopecic 
Australian fur seals had a higher toxic load than controls, as indicated by the Pb content of hair, 
chlorinated pollutants in fat and Hg in blood. The hair Pb concentration measured in cases was 
comparable to levels in Antarctic pinnipeds (Andrade et al., 2007; Gray et al., 2008) making it 
unlikely that the seals on Lady Julia Percy Island are being detrimentally impacted by this 
heavy metal. Similarly, the fat concentrations of ∑DDT and ∑PCBs are lower than those 
reported for numerous other marine mammal species (Evans, 2003) but indicate greater toxin 
exposure of case seals.  
 
In contrast, both case and control seals from Lady Julia Percy Island had blood and hair tHg 
levels that greatly exceed of those reported for most other marine mammal species (Beckmen 
et al., 2002; Ikemoto et al., 2004; Brookens et al., 2007; Das et al., 2008; Gray et al., 2008) . 
The toxicity of Hg depends on its chemical type and the organic form MethylHg (MeHg) is 
recognised for its severe toxicological effects (Kempson and Lombi, 2011). In free-ranging 
marine mammals, the health effects of excessive MeHg are poorly understood but `in vitro’ 
immunosuppressive effects have been demonstrated (Lalancette et al., 2003; Das et al., 2008). 
MeHg is the predominant form of Hg exposure in marine mammals, because inorganic Hg 
from soil, agricultural and industrial run-off is converted to this form by aquatic saprophytes, 
and then bioaccumulates through trophic levels (Kempson and Lombi, 2011). When consumed 
by marine mammals, though, MeHg is subject to detoxification so the proportion of tHg that is 
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MeHg varies between tissue types (Wagemann et al., 1998). Despite the on-going 
detoxification in some tissues, a high proportion of the tHg in marine mammal blood is in the 
form of MeHg (Lockhart et al., 1999; Stavros et al., 2008; Woshner et al., 2008). Therefore, 
alopecic seals would have a significantly greater exposure to the toxic form of this heavy metal 
than controls. In addition, the strong correlation between blood tHg and ∑DDT and ∑PCBs 
indicates that the exposure to these pollutants is likely to be linked, presumably contained in 
the same prey items or foraging area. 
 
The possible health impacts of high Hg exposure in Australian fur seals are unknown. 
Moreover, while Hg exposure may cause allergic dermatitis in humans (Lerch and Bircher, 
2004), a direct relationship with alopecia has not been demonstrated previously in any 
mammal. One possible link may be that Hg in hair is largely in the form of MeHg-cysteine 
with Hg-S and Hg-C bonds (George et al., 2010). The disulphide bonds in hair are important 
for strength and therefore excessive Hg-S binding could potentially weaken the shaft structure, 
if it sequestered significant amounts of S. Mean levels of tHg in the hair of Lady Julia Percy 
Island juveniles (14.7 µg/g) were similar to those in adult Australian fur seals (12.7 µg/g) at the 
Seal Rocks colony (350 km east), in the 1980s (Bacher, 1985). In that study, juveniles had hair 
Hg concentrations of between 1.2 and 5.4 µg/g. Despite the higher concentrations measured in 
Lady Julia Percy juveniles, the lack of a significant difference in hair tHg between alopecic and 
control seals, suggests Hg may not be a direct cause of hair loss, but it does signal high a higher 
exposure to pollutants.  
 
Alopecia in Australian fur seals has the features of many endocrine skin diseases, bilateral 
symmetry, and age and gender biases (Baker, 1986; Hawryluk and English, 2009). Endocrine 
disorders, however, usually cause alopecia by suppression of hair follicle activity, meaning hair 
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of normal strength is not replaced when it is naturally shed (Hawryluk and English, 2009). 
Therefore, the finding of this study that alopecia is due to hair breakage is not typical of an 
endocrine-linked mechanism. The finding of higher toxin levels in alopecic seals, however, 
warrants consideration as to whether one or a suite of toxicants could be acting as endocrine 
disruptive compounds (EDCs). These are compounds that can mimic or antagonise the effects 
of natural hormones, including the sex hormones. Detrimental effects from such compounds 
have been demonstrated in a wide range of species including marine animals (Hotchkiss et al., 
2008; Routti et al., 2010).  
 
Higher toxin concentrations in case seals indicate consumption of prey items with higher levels 
of pollutants. Heavy metal loads in pinnipeds are known to vary with the trophic level of prey 
they consume (Das et al., 2003a; Loseto et al., 2008). In addition, it is well recognised that 
proximity to the coast results in pollutant loads in marine mammals due to run-off from 
industrial and agricultural enterprises (Das et al., 2003b; Lavery et al., 2008; Savinov et al., 
2011). The relationship between toxin load, foraging area and prey type of alopecic and non-
alopecic Australian fur seals is at present unclear. Satellite tracking of non-alopecic seals from 
Lady Julia Percy Island clearly suggest that juveniles tend to forage closer to the coast than 
adults, and that female juveniles remain closer to the colony than do male juveniles (R. 
Kirkwood, unpublished data). Dietary studies to determine the trophic status of alopecic versus 
control seals and the collection of foraging location data from alopecic animals may elucidate 
the role of foraging strategy in presentation of this condition.  
 
CONCLUSIONS 
This study establishes that infectious and parasitic causes of alopecia are unlikely to be 
involved in a potentially population regulating, alopecia syndrome, in Australian fur seals. 
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Also, it finds that alopecia is due to hair fracture above the skin rather than hair loss from the 
follicle. Compositional differences were found between the hair of affected and unaffected 
animals that can relate to hair strength. Furthermore, animals affected by alopecia have a 
greater toxic load than unaffected animals, which may reflect different foraging sites or prey 
selection. Comparisons of trace elements and pollutants between seals at Lady Julia Percy 
Island and other colonies are needed to clarify implications of concentrations carried by the 
Lady Julia Percy seals. No causal agent was found that would explain the distinctive bilateral 
symmetry and bias towards juvenile females of the alopecia syndrome.  
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INTRODUCTION 
Disease investigations in wildlife are often challenging. Access to sufficient animals, frequent lack 
of longitudinal data and difficulties associated with field operations are some factors that may limit 
the interpretation of data. In pinnipeds, infectious disease investigations commonly report on the 
presence of pathogens in populations as inferred by the detection of specific circulating antibodies. 
Fewer studies are able to define the epidemiological features associated with disease pathogens 
such as host and environment factors that influence disease expression and the impact of disease 
on population demographics. Similarly for non-infectious agents, the levels of persistent organic 
pollutants and heavy metals are frequently reported in marine mammals but scarce information 
exists as to the correlation between tissue concentrations and health impacts. Relationships 
between disease and health of individuals and populations can only be elucidated by conducting 
research that builds knowledge of disease ecology. This necessitates first defining the basic 
epidemiological parameters of disease entities and enables a gradually more sophisticated 
assessment of the significance of disease and the factors that may influence its emergence and 
impact. 
 
This study is the first systematic investigation into the disease status of Australian fur seals 
(Arctocephalus pusillus doriferus) and one of very few conducted on Southern Hemisphere 
pinnipeds. It contributes to the understanding of Australian fur seal disease epidemiology and so 
informs the conservation management of this species. The investigations also established findings 
of relevance to disease epidemiological studies in other marine mammal species. Furthermore, a 
number of future research questions around health and disease in Australian fur seals have been 
defined.  
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SEROLOGICAL SURVEILLANCE FOR DISEASE PATHOGENS 
Serological surveys are a useful investigative tool for initial screening of wildlife populations for 
the presence of infectious disease pathogens. Prior to the current study, there was little knowledge 
on diseases that may be harboured by Australian fur seals. Selection of pathogens to include in the 
survey was based upon the criteria that they had been recognized elsewhere as significant causes 
of mortality or morbidity in pinnipeds, or they had importance due to their livestock or public 
health implications. Additional factors influencing pathogen selection was the availability of 
suitable diagnostic assays and the costs associated with tests. The outcome of this selection process 
is, in part, that the list of pathogens tested was not exhaustive. For example, antibodies to six 
Leptospira serovars were assayed. These were selected based on those reported elsewhere in 
pinnipeds (Colegrove et al., 2005; Mackereth et al., 2005) and serovars likely to be present in the 
potential source populations of infection, these being cattle in coastal dairy farming enterprises 
(Smythe, 2005). There are, however, over 23 serovars of Leptospira known to occur in Australia 
(Smythe, 2005). Generation of lists of pathogens for surveillance ideally follows establishment of 
networks to detect and investigate mortality and morbidity in wildlife populations. The current 
study achieved this outcome on a limited scale in regards to investigations into potential pathogen 
involvement in abortions of Australian fur seals. 
 
The finding that Australian fur seals carry antibodies to Brucella is consistent with prevailing 
evidence suggesting that marine strains of this bacterium have a global distribution (Nymo et al., 
2011). The relationship between the true prevalence of Brucella antibodies in the population and 
the prevalence as measured by serological tests has a degree of uncertainty. Brucella serological 
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assays have not been validated in seals and most have been developed for cattle, using B. abortus 
as antigen. They are, however, likely to be sensitive to antibodies stimulated by marine strains of 
Brucella, due to the high degree of homogeneity within this genus (Verger et al., 1987). An 
additional issue is potential cross-reactions with antibodies induced by exposure to other gram 
negative bacteria such as Yersinia enterocolitica O:9 that would increase numbers of false positive 
results (Kittelberger et al., 1995). In the current study, multiple serological tests for Brucella were 
used to assess test results against each other. Results obtained in this study were consistent with 
test performance in cattle (Nielsen, 1990) and seals (Nielsen et al., 2005). While this provides a 
high degree of certainty that Australian fur seals have been truly exposed to Brucella, it is 
impossible to calculate the error associated with the estimate of prevalence. 
 
Other serological surveys for Brucella in seals have the same test validity issues as the current 
study enabling relative comparisons to be made between studies. Relative to other pinnipeds, adult 
Australian fur seals showed a very high prevalence of Brucella antibody positive individuals 
(Nielsen et al., 2001; Tryland et al., 2005). The reasons for variation between pinniped species in 
their Brucella antibody prevalence are unknown but might be attributed to numerous 
epidemiological factors. The first of these is whether B. pinnipedialis varies in its infectivity and 
pathogenicity characteristics depending on species and region. The genomic structure and PCR 
restriction maps of B. pinnipedialis isolated from northern European pinniped species do not vary 
substantially with the exception of isolates from the hooded seal (Cystophora crystata) where the 
organism appears to be diverging from other seal strains (Bourg et al., 2007; Nymo et al., 2011). It 
is unknown if these genetic differences translate into functional differences in the pathogenic 
potential of the hooded seal strains. B. pinnipedialis has not yet been isolated from Southern 
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Hemisphere pinnipeds although, prior to this study, there has been no report of attempts to achieve 
this outcome. Isolation of the Brucella sp. stimulating antibody production in Australian fur seals 
would enable genome comparisons with northern strains contributing to the understanding of 
potential differences in infectivity and pathogenicity. A second epidemiological factor potentially 
influencing antibody prevalence is the pinniped species itself, both in terms of innate susceptibility 
to infection and strength of immune response. In addition, ecological factors that may result in 
differing exposure frequency to B. pinnipedialis such as diet and population density could result in 
variation in antibody prevalence between species.  
 
The impact of Brucella infection on Australian fur seal health is uncertain but, based on the 
findings of the present study, is unlikely to be significant. A substantial number of aborted foetuses 
were examined by microbiological and molecular techniques targeted at Brucella identification 
without evidence of infection. In addition, no evidence of Brucella-associated pathology was 
found in juvenile or adult animals examined at post-mortem. This is consistent with findings in 
other pinniped species where B. pinnipedialis is often isolated from animals without lesions or is 
not associated with a clear pattern of pathology (Foster et al., 2002; Prenger-Berninghoff et al., 
2008). Based upon the findings in other pinniped species, however, it would be expected that post 
mortem examination and microbiological investigation of a greater number of seals than processed 
in the current study would eventually reveal actively infected individuals. 
 
The current study's finding that Australian fur seals had no detectable antibodies to pathogens 
known to have caused mass mortality or significant morbidity in Northern Hemisphere pinnipeds 
is notable. The pathogens investigated in this category were morbilliviruses, influenza A viruses 
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and Leptospira serovars (Geraci et al., 1982; Dierauf et al., 1985; Osterhaus et al., 1988). A key 
question arising from the serological survey for these three pathogens is: does the result indicate 
that Australian fur seals have never been exposed to these pathogens? 
 
In the absence of stored sera or tissues from previous generations of Australian fur seals it is 
unknown if exposure to, and elimination of, these pathogens historically occurred. With respect to 
the cohort tested (adult females), it is unlikely that infection with these pathogens is enzootic 
unless they are circulating at low (≤3%) prevalence. Detection of previous infection, since 
eliminated, in the tested cohort is dependent on antibody longevity and little is known regarding 
the rate of antibody decay in marine mammal species (Lloyd-Smith et al., 2007). A reasonable 
conclusion from the current study is that the adult cohort tested had not had recent exposure (i.e. 1 
– 3 years) to the pathogens of interest. It is likely that this would be the case in other age classes 
from this location as, for many infectious diseases, the probability of antibody-positive status tends 
to increase with age (Smith et al., 1977; Burek et al., 2005).  
 
Demonstration of the absence of a specific pathogen in a population requires ongoing surveillance 
by serological testing and post mortem examination. Therefore, the results obtained from the 
current study would be complemented by further antibody surveillance of the Australian fur seal 
population. It is also important to note that only one Australian fur seal breeding colony was 
sampled in the current study. Although, movement of individuals between colonies is common 
(Arnould and Kirkwood, 2008; Lancaster et al., 2010) and, therefore, infectious diseases are likely 
to spread within the entire population, it remains to be tested if spatial variations in antibody 
prevalence exist. 
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THE SIGNIFICANCE OF MYCOPLASMAS IN AUSTRALIAN FUR SEALS 
Australian fur seals were heavily exploited by colonial-era commercial sealing operations, and the 
subsequent recovery of their population numbers has been slow compared to other, similarly 
exploited fur seal species (Kirkwood et al., 2010). Low fecundity resulting from a high incidence 
of spontaneous abortions and pre-mature parturition (born alive but non-viable) in the second half 
of gestation is considered a major contributory factor to the slow population growth in the 
Australian fur seal (Gibbens et al., 2010). The current study assessed the potential that 
histopathological lesions observed in aborted foetuses were due to Mycoplasma spp. infection. 
Furthermore, the Mycoplasma species present in juvenile and adult animals were investigated and 
a preliminary assessment of their pathological impact made. At the study completion, it was 
established that some aborted foetuses had ante-mortem inflammatory lesions and their 
distribution and nature were consistent with Mycoplasma-induced lesions observed in domestic 
species (Stone et al., 1969; Rodríguez et al., 1995; Hum et al., 2000) . The demonstration of 
Mycoplasma infection in some Australian fur seal foetuses suggests this pathogen is the causative 
agent of these lesions. Further histopathological investigations and a larger sample size of tissues 
for microbiological and molecular investigations are needed, however, to demonstrate a more 
definitive association between Mycoplasma infection and abortion. 
 
Elucidation of the true significance of mycoplasmas in Australian fur seal abortions will require 
assessment of co-variants that may either be the primary drivers of abortion and/or pre-dispose 
animals to Mycoplasma infection in-utero. The most significant of these co-variants is probably 
nutritional status. Australian fur seals are the only fur seal that forages exclusively on the sea floor 
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of the continental shelf, an environment usually of lower nutrient productivity than the epipelagic 
regions utilized by other fur seal species (Arnould and Kirkwood, 2008). In this regard, they are 
more closely aligned with sea lions that, like the Australian fur seal, mostly utilise a benthic 
foraging strategy and also have low fecundity relative to fur seals (Arnould and Costa, 2006). A 
previous study in Australian fur seals suggested that the nutritional status of females probably 
influence annual variations in abortion rates as fewer pups are produced in years when females 
have a lower mean body condition index (Gibbens and Arnould, 2009b). Similarly, the likelihood 
of Steller sea lions (Eumetopias jubatus) being pregnant in late gestation was found to be 
positively associated with body condition (Pitcher et al., 1998). Body condition influencing 
pregnancy is not restricted to benthic foragers, though. A positive relationship between nutritional 
stress and abortion rates has also been suggested for Cape fur seals (A. p. pusillus) and New 
Zealand fur seals (A. forsteri), both of which are epipelagic foragers (Guinet et al., 1998; 
McKenzie et al., 2007). The hypothesis arising from all these studies is that regardless of foraging 
strategy, nutrient availability varies temporally, and abortion is a strategic physiological response 
to nutritional stress. If nutrition is a likely primary driver of abortion, then what might be the 
significance of Mycoplasma infection?  
 
Mycoplasma spp. are well known as commensal organisms and are found in the upper respiratory, 
gastrointestinal and reproductive tracts (Razin et al., 1998). It may be that abortion is initiated by 
physiological triggers in females under nutritional stress and mycoplasmas are acting as 
opportunistic pathogens. They then may infect the foetus by ascending through a relaxing cervix or 
by a bacteraemia allowing transplacental infection. To investigate such a relationship requires 
establishing the Mycoplasma species associated with abortion and determining if these species are 
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unique to the reproductive tract. In addition, if bacteraemia is the mechanism of foetal infection, 
then the possibility of a detectable antibody response needs consideration. This may provide a 
useful measure of infection and could be used as a dependant variable for reproductive 
performance and nutritional status parameters.  
 
Alternatively, Mycoplasma-associated abortion may be occurring independently of nutritional 
influences on reproduction. Mycoplasmas may be acting as primary pathogens or be associated 
with co-variants that compromise the seal’s ability to retain her pregnancy. Agents associated with 
abortion in Californian sea lions (Zalophus californianus) include persistent organic pollutants, 
algal toxins and infection with Leptospira pomona (Smith et al., 1974; Gilmartin et al., 1976; 
Goldstein et al., 2009). Therefore, investigation of Mycoplasma infection in aborted foetuses needs 
to include investigation of toxic and microbial agents that may be acting as co-factors.  
 
The current study investigated for the first time Mycoplasma species present in the nasal cavities 
and lungs of Australian fur seals. Sequencing of 16S ribosomal RNA genes from these isolates 
showed most species isolated had >98% matching base pairs with mycoplasmas already identified 
in Northern Hemisphere pinnipeds. Genetic variation in pathogens across related host species can 
provide clues to evolutionary processes (Maquart et al., 2008). Ancestral otariids are believed to 
have crossed from the Northern to Southern Hemisphere around five to eight million years ago 
with a return migration to the north of several sea lion lineages around four million years ago 
(Yonezawa et al., 2009). The close similarity of Mycoplasma spp. found in the current study with 
Northern Hemisphere species suggests that these bacteria were carried as part of one of the cross-
equator migrations more than four million years ago. While 16S rRNA sequencing is a very useful 
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taxonomic tool, it is a highly conserved region of the genome (Razin et al., 1998). Therefore, 
broader genomic survey may well reveal variation between the Mycoplasma spp. isolated in the 
current study and Northern Hemisphere isolates. This would not be unexpected given the duration 
of spatial separation between Northern and Southern Hemisphere pinnipeds. These differences 
could well relate to functions that influence pathogenicity, such as membrane adhesion capacity 
(Razin et al., 1998). Future functional genomics studies might reveal such differences and 
continued investigation of associations between Mycoplasma isolates and clinical syndromes will, 
ultimately, indicate the significance of these bacteria in Australian fur seals. 
 
ALOPECIA IN AUSTRALIAN FUR SEALS 
A substantial component of the current study focused on the investigation of a distinctive alopecia 
syndrome observed in Australian fur seals. This health issue was judged to be significant as a large 
proportion of juvenile females (approximately 50%) at the Lady Julia Percy Island colony were 
found to develop alopecia annually. In addition, the study showed that seals with alopecia were in 
poorer body condition than unaffected individuals, presumably through greater energy costs 
associated with thermoregulation. The investigation of this syndrome encompassed numerous 
disciplines and identified research areas that will both assist the understanding of this problem as 
well as contribute to knowledge around fur seal physiology and toxicology. 
 
Thermal imaging was used to demonstrate that Australian fur seals with moderate and severe 
alopecia could not adequately prevent heat loss from affected areas. This was most evident in cold 
ambient air temperatures and would be magnified in the aquatic environment due to the higher 
thermal conductivity of water. Comparative physiological and anatomical studies suggest that 
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while phocids regulate blood flow to the skin of their trunk by opening and closing arteriovenous 
anastomoses, fur seals have a limited ability to control heat loss in this manner (Kvadsheim and 
Folkow, 1997; Bryden and Molyneux, 1978). To better define the impact of alopecia on fur seals, 
future experimental work may include the assessment of metabolic rates in affected and unaffected 
seals, the deployment of devices capable of measuring skin temperature while seals are foraging 
and anatomical studies to examine the vasculature of the Australian fur seal skin. Such work 
would also be applicable to studies concerned with the impact of hair disturbance associated with 
device deployment in fur seals. 
 
The current study proposed that the increased thermoregulatory costs presumed to be associated 
with alopecia could be a likely mortality risk factor. Therefore, alopecia may be acting as a 
population regulatory factor at the Lady Julia Percy Island colony by increasing mortality of 
juvenile females. The expected mortality rate of this age class at Lady Julia Percy Island is 
unknown but in a study conducted between 2003 and 2005 at Kanowna Island where seals are 
unaffected by alopecia, the annual mortality rate of juveniles was approximately 20% (Gibbens 
and Arnould, 2009a). Ideally, survivorship studies would be performed at Lady Julia Percy Island 
and concurrently at the next two largest Australian fur seal colonies, Seal Rocks and Kanowna 
Island to ascertain differences in mortality and recruitment rates.  
 
While survivorship investigations are required to assess the potential population regulatory effect 
of alopecia, it is worthwhile to note recent population trends at Lady Julia Percy Island. The first 
reliable population study conducted at this site was in 2000 and estimated the pup abundance to be 
5,214 individuals (Shaughnessy et al., 2002). Subsequently, in 2002 pup abundance was estimated 
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to be 5,899 (Kirkwood et al., 2005) and in 2007, 5,574 individuals (Kirkwood et al., 2010). The 
decrease in pup abundance between 2002 and 2007 may well represent inter-annual variability in 
pupping success related to nutritional or other factors (Gibbens and Arnould, 2009b). Substantial 
numbers of seals with alopecia were first noted at this site in 2004 (R. Kirkwood, pers. obs.). If 
juvenile females on Lady Julia Percy Island have consistently higher annual mortality rates than 
other sites due to the incidence of alopecia then this would be expected to be eventually reflected 
in a reducing population size, or slower growth rate compared with other sites. Continued studies 
on Australian fur seal abundance will clarify the population trend at this site. 
 
Light and scanning electron microscopy demonstrated that alopecia in Australian fur seals is due 
to fracture of the hair shaft above the skin level. It was concluded that hair breakage probably 
results from increased brittleness rather than excessive self-trauma in affected individuals. 
Published reports on the pinniped integument are mainly concerned with elemental analysis of hair 
or anatomical and functional features of skin rather than addressing the relationship between the 
biochemical composition and strength. In particular, the amino acid composition of the keratin 
proteins of pinniped hair had not been investigated prior to the current study. Significantly lower 
tyrosine content of hair was found in alopecic Australian fur seals compared to unaffected 
individuals. This finding is consistent with some studies in terrestrial animals that suggest a 
reduction in tyrosine is associated with increased hair brittleness (Gillespie et al., 1980; Reis and 
Gillespie, 1985).  
 
Similarly, alopecic seals had significantly lower hair zinc content than controls. Deficiency of this 
element results in brittle hair in humans and domestic animals but true clinical deficiency is 
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usually also accompanied by distinctive skin histopathology (Yager and Scott, 1991; Reis, 1992; 
Goldberg and Lenzy, 2010;). The northern fur seal (Callorhinus ursinus) is the only other otariid 
seal in which hair zinc has been measured (Ikemoto et al., 2004). Assessment of the significance of 
zinc levels in relation to alopecia in Australian fur seals would be assisted by data from individuals 
from other breeding colonies. Definitive demonstration that the hair of alopecic seals is brittle, 
however, will require measure of its tensile strength, a diagnostic technique applied in the 
investigation of human hair disorders (Erik et al., 2008). This will require construction or 
modification of load cell devices to accommodate the relatively short length of seal hair.  
 
The current study could not identify the initiating cause of alopecia in Australian fur seals. 
Nonetheless, risk factors for the condition were identified and form the basis for ongoing 
investigations. In addition to age class, sex and hair compositional differences, it was shown that 
alopecic animals had greater concentrations of toxic compounds or elements in their fat, hair and 
blood. With the exception of Hg, the toxin levels found were comparable in magnitude to those in 
other pinniped species and are unlikely to be direct causal factors for alopecia. The greater toxic 
load in alopecic seals may, however, indicate utilization of different foraging areas or selection of 
prey types (Das et al., 2003; Loseto et al., 2008). The hypothesis to be tested then becomes: Are 
alopecic seals, through their habitat or diet selection being exposed to a toxic compound that is 
interfering with the metabolic processes that are responsible for producing normal hair?  
 
In addition, the significance of the very high Hg levels in the hair and blood of seals at Lady Julia 
Percy Island warrants investigation. Concentrations found in juvenile fur seals from this location 
exceed those reported for most other marine mammal species (Beckmen et al., 2002; Ikemoto et 
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al., 2004; Brookens et al., 2007; Gray et al., 2008). While a direct relationship between Hg and 
alopecia needs investigation, known toxic effects of Hg in other mammals include behavioural 
alterations, immune suppression and cardiovascular disease (Lalancette et al., 2003; Das et al., 
2008; Kempson and Lombi, 2011). Ideally concentrations of Hg in the hair and blood from Lady 
Julia Percy seals would be compared with any existing historical samples from this location as 
well as with individuals from other colonies. The alopecia syndrome was rarely noted prior to 
2004, suggesting it is an emerging health issue. Therefore, samples that provide longitudinal data 
are valuable to detect changes in suspected risk factors. Anthropogenic sources of Hg and other 
toxins in the Lady Julia Percy Island area should also be identified as this may enable 
identification of further toxic compounds for analysis. 
 
CONCLUDING REMARKS 
This thesis provides base-line information concerning the status of, and potential threats from, 
infectious and non-infectious disease in Australian fur seals. Its broad scope inevitably means that 
many questions have been left unanswered. Most significantly, it is not possible at this time to 
simply answer the question: `Is infectious and non-infectious disease impacting the Australian fur 
seal population?’ The study has demonstrated the presence of some pathogens known to be 
capable of causing disease and the apparent absence of others responsible for mass mortality 
events in pinnipeds elsewhere. It finds that alopecia in Australian fur seals is most likely of non-
infectious origin and suggests that this is a likely population regulatory health issue. Without 
future investigations targeted towards specific pathogens or toxins, disease issues in Australian fur 
seals may be overlooked unless obvious clinical disease is occurring in large numbers of 
Chapter 7 
196 
 
individuals. This study provides a starting point for such future investigations into disease issues in 
Australian fur seals as well as other Australian pinniped populations.  
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